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"‘Magnetic Observations in Egypt, 1893 — 1901.” “By Captain 
H, . G. Lyons, E.E. Communicated by Professor Euokee, 
Sec. RS. Received June 6, — Read June 20, 1901. 

The following Magnetic Observations have been made at various 
times during the years 1893 to 1899, at first with a Declinatorium, 
made by Bamberg, of Berlin, the property of the Egyptian Govern- 
ment, and later with a Kew Magnetometer, No. 73, and Dover^s Dip 
Circle, No. 99, both kindly lent by the Council of the Royal Society 
on the recommendation of Professor A. W. Rucker, F.R.S, These 
observations are most conveniently divided into five groups, each of 
which includes observations made during a single period and with a 
single instrument — 

I Observations made with a Declinatorium by Bamberg, of Berlin ; 

(a.) In the neighbourhood of Cairo, 1893 — 189i. 

(6.) In the Lybian Desert, near the Kharga and Dakhla Oases, in 
December, 1893, and January, 1894. 

(a) In the Lybian Desert from the Wadi Natrun to the Baharia 
Oasis, April, 1894. 

II. Observations taken with Kew Magnetometer, No. 73, and 
Dover’s Dip Circle, No. 99, in the Nile Yalley from Cairo to the 2nd 
Cataract, November, 1894^ to June, 1896. 

(a.) Declination. (J.) Dip and Horizontal Force. 

III. Observations taken to determine the Diurnal Variation of the 
Declination. 

IV. Observations taken at Helwan, near Cairo, in November and 
December, 1898. 

V. Determination of the Annual Variation from the above observa- 
tions and those of various observers in previous years. 
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Capfc. H. G-. Lyons. [June 6, 

The deelinatorium used at first consisted of a horizontal circle 
furnished -vrith two verniers reading to 30", while the magnet was 
balanced on a vertical steel pivot, in a box which occupied the centre 
of the horizontal circle. Attached to the magnet was a mirror, in 
which the reflected image of the cross wires was observed with a small 
telescope placed excentrically. The same telescope also served to 
observe the sun or a meridian mark for determining the geographical 
meridian. 

The geographical positions were taken from Maps Nos. 740, 662, 
published by the Intelligence Division, War Office, or from astro- 
nomical observations taken on the spot; the former are indicated by * 
and the latter by t. ^ 

In e4ch case the time of the observation is given as Cairo mean 
time, i.e.^ 2^ 5™ 8®-9 fast of Greenwich, since all the observations were 
made before the time of the 30° meridian E. of Greenwich was adopted 
as civil time for Egypt. 

D’Abbadie’s station, beside the Great Pyramid at Giza, was occu- 
pied on May 10, 1901, to obtain improved values of the secular 
variation. The observations were made between 1 P.M. and 4 P.M. 
when the electric tramway was not working. 

Since there are, as yet, no self-registering magnetic instruments in 
Egypt, it is impossible to reduce the results obtained to a single epoch 
with any accuracy ; they are, therefore, given as they were originally 
observed. 

Helwan, 20 kiloms. south of Cairo, was chosen for the observations 
of 1898 and 1899, since the electric tramways of Cairo render obser- 
vations impracticable even if the amount of iron in the present 
observatory building at Abbassia did not vitiate all observations taken 
there. For this reason the value of 5° 36' west for the declination, 
given in the ‘Bulletin Mensuel* of the Abbassia Observatory for June, 
1886, is wholly wrong. 

In observing with the Deelinatorium, the feet of the tripod were 
firmly pressed into the ground, and this was found sufficient for the 
precision obtainable with the instrument. With the Kew pattern 
magnetometer, however, wooden pickets were driven firmly into the 
ground, and the feet of the tripod rested on these, thus avoiding any 
errors due to the tripod sinking into soft or sandy soil. 

All the observations which follow may he considered as satisfactory 
ones taken under favourable conditions, since all those which were 
interfered with by high winds, sand storms, &c., have been omitted. 
The stations where igneous rocks are known to be near enough to 
affect the results somewhat are marked with an asterisk on page 10. 

At several places on the Bahr el Ahyad granite masses, and occe»sion"' 
ally basaltic rocks, rise through the sandstone, and the high value for 
declination obtained at Renk (page 23) is probably due to this. 



3 


1901.] Magnetic Olsermtions in Egypt, 1893 — 1901. 

The times given are those of the middle of the observation, Le,, for 
Girga — 


Declination observation ... 

... 8.58—9.11 

Mean. 

9.5 

First vibration 

... 9.14^9.27 

9.20 

Second vibration 

... 9.34—9.47 

9.40 

Deflection 

... 10.35—11.0 



The time of the horizontal force value is given as the middle of the 
time of the vibration observation. 

Where one value is given for the dip one needle was used ; where 
two values, the value obtained from each is given. 

Deflection observations as well as the vibration observation were 
made on each occasion for the observations given in Table II(J) ; in 
the observations given on page 22 it is mentioned when it was not 
possible to take them. 
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I (a). Declination at Stations near Cairo determined with a Declinatorium. 
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Capt. H. Gr. Lyons. 


[June 6, 



Position determined by Transit 
of Yenus Expedition, 1874. 

Declination 

West. 
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Place. 

Mataria, site of ancient Temple 
of Heliopolis 
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ji it >}*•*• 

» » JI • • • • 

» l> !>•••• 

Cairo, Giezira Hnt Barracks, S. 
end 
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mids 

Saqqara, Maviette’s House ...... 

Helwan, right bank of Nile. ..... 

Mit Eabini Yillage, left bank of 
Nile 




I (6). Declination at Stations in the Lybian Desert near Kharga and Dakha Oases, determined with a Declinatorium. 


1901.] Magnetic Obsermtions in Egypt, 1893 — 1901 
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Oapt. H. G. Lyons. 


[June 6, 


Description of Stations observed at with Deelinatorium. 


j Place. 

Description. 

Mataria 

On ruins of Temenos wall of Temple of Heliopolis ; 

S, of obelisk. 

Abbassia 

N. end of Polygon, E. of Suez road, E. end of row of 
trees behind battery. 

Gl-ezira 

100 metres north of (3-rofeto, N.W. of G-ezira. 

Yentis Station, 

Jebel Moqattam. 

Observation point of Transit of Yenus Expedition, 1874. 

Moqattam Port .... 

200 metres south of old fort on spur above Citadel, not 
the earthwork on the top of the hill by the Cholera 
Camp of 1883. 

Mena House, G-iza. . 

Opposite Mena House Hotel, S. of road to Pyramids. 

Saqqara 

1 ISO metres l^’.E. of Mariette’s house. 

Helwau 

20 kilom. S. of Cairo j on a low hill E. of water reser- 
voirs to N-E. of town. 

Mit BaMni 

50 metres west of the larger Bamses Colossus on the site 
of Memphis. 

Assiut 

On bank 300 metres S. of railway station and 80 meh*es E. 
of main road to town. 

Khaa^ga 

50 metres S. of blockhouse S.E. ooruer of village. 

Bens 

E. of village 100 metres E. of fori. 

Mufc 

West end of the old Government buildings. 

Bir Murr 

Close to the well. 

Beir Anba Bishoi . . 

In garden between guest cumber and church. 

Heir Baratnus .... 

On roof, east side of guest chamber. 

Mandisba 

In front of Omda’s house. 





II (a). Declination at Stations in the Nile Valley, determined with Kew pattern Magnetometer No. 73. 
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Capt. H. G. Lyons. ’ [June 6, 
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10 Capt. H. Gr. Lyons. , [June 6^ 

Description of Stations observed at with Magnetometer and Dip 

Circle. 


Place. 

Description. i 

Abbassia 

The same as for Deelinatoxnum. 

0-irga 

S.W. of huts, which are 160 metres west of canal head on 
N. side of steamer landing barge. 

Dendera 

100 metres E. of point where steamex’s stop. ' 

Luxor 

On river bank, 50 metres north of house painted red and 
white, on hank south of Luxor. 

Mualla 

2 kiloms. S- of irrigation resthouse. 

Esna 

100 metres north of landing barge, and on river bank. 

Edfu 

40 metres from bank, and 120 metres S. of landing barge. 

Assuan* 

Rest camp, S. side of 2nd but from N.W. corner. , 

Elephantine* 

26 metres S.E. from gateway of ancient temple. 

1st Cataract* ...... 

South side of the Bab el Gedid, 

Philas* 

Till 29 Nov. E. side of kiosk, on quay, after then on roof ‘ 
of Temple of Isis, N. end. 

Dabod 

200 metres N. of ancient masonry quay. 

Taifa* 

100 metises from S.E. corner of village, on river bank. 

Kalabsba* 

30 metres from river bank, and 70 metres north of great 
temple. 

Abu Hor* 

On river bank, 100 metres S. of steamers’ stopping place. 

G-erf Hussein 

At entrance to temple. 

Dakka 

Trffeduni 

S.E. angle of temple. 

On eastern part of temple ruins. 

Siala 

On bank opposite N. end of village. 

Sebua 

On river bank 50 metres S. of line of temple axis. 

BirOngat* 

Close lo the well. 

Wadi Mogbarin*. . . 
Murrat Wells,* Nu- 

At mouth of Wadi, to W. of Murrat Wells. 

bian Desert 

On rocky spur between the two blockhouses. 

Eorosko 

On river bank, S.W- end of officers’ quarters. 

Amada 

160 metres S.E. of temple, and on the foundation course 
of an ancient building. 

Abu Simbel 

60 metres S.E. of and slightly lower than great temple 
entrance. 

Akshi (Serra). ..... 

Wadi Haifa ....... 

West bank, 200 metres S. of temple ruins. 

Under gamaiza tree, 60 metres S. of Oommandant^s 
house. 

Mirgissi Fort* ..... 

In ancient Egyptian fort W. of remains of small temple 
in N.W. corner of the walled enclosure. 

Great Pyramid, Giza 

10.5.1901 occupied d’Abbadie’s station close to pyramid, 
east of it 5 on ruins of the most northern of three 
small pyramids. 


* Denotes ci 7 staUine rocks in the immediate neighbourhood. 


III. IHumal Variation of the Magnetic Declination, 

In the absence of any self-registering apparatus in Egypt, the- 
diurnal variation of the declination has been observed hourly at 
a few places, and the results of some of these observations are here- 
given gi'aphically. Except in the case of Abbassia, a single day onljr 
was available. 
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Carves of Diurnal Variation of Declination. 



Scale of twenty-five minutes of arc. 

Abbassia, Kliarga, and Boris observed with. Beclinatorinm, the rest with Kew 
pattern magnetometer. 



Mean Values of Diurnal Variation of 8 at PMse. 
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Oapt, H. G. Lyons. 


[June 6, 



* Too few readily to giTe a fair average. t observations Stli and 9tb Jan. 

% 1^0 observations Blsfc, 25tb, 30th, and 31st Jan, § Observations few lltb — ^16tb Eeb. 
li Observations on 23rd and 25th Feb. onlj. , f Ho observations on Isfc, 2nd, 3rd, and 6th Mareh. 
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Diumal Variation of Declination at Philce, Assuan, 

Lat. N. 24° r 10" ; Long. E. 32° 51' 50", from December, 1895, to 

April, 1896. 

■ While employed on Philae Island examining and restoring the* 
ancient buildings on the island, magnetic observations in the neigh- 
bouring country could not be undertaken for want of time. A 
magnetometer was set up, therefore, in a small, empty chamber on the 
roof of the Great Isis, Temple, and the declination observed hourly 
from 7 A.M. to 5 P.M., except when the work on the excavations pre- 
vented. The results are given in the following tables (see also p. 12) 


December, 1895. 


Hours. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

7 

-- 

26*9 

26-0 

26 -4 

26-4 

25*7 


26*0 


25-5 

26 *8 

26-2 

8 

24-6 

— 

— 

-- 

25*9 

25*5 


24 *4 


24*4 

24 8 

— 

9 

24 *1 

25 *1 

25 -3 

25*9 

25 *9 

26*8 

24*8 

23 -7 


24*8 

27 *8 

25 *0 

10 

24-6 

24-8 

24-6 

27 -c 

— 

— 

27*1 

25 *0 


26 *6 

— 


11 

25-1 

25 *0 

— 

29 *6 

28 *0 

29*3 

I 

27-8 

25 *2 

p 

o 

*43 

27 *7 

27*8 

28-4 

Noou 

25-1 

— 

26-0 

29 *4 

28 *2 

28*8! 

27 -fi 

24*1 

o 

27 *5 

— 

28-6 

1 

•— 

24*6 1 

— 

— i 

i 

j 

— 

23 *7 

CO 

O 

o 

— 

— 

1 _ 

2 

24-6 

25 *1 

24*8 

27-7 

26-0 

26*4 

26-2 

— 


26 *2! 

-- 

27 -7 

3 

24-6 

— 

— 

25 *8 

24*2 

26 *0 

25 -7 

23 *7 


26 *6j 

27 *7 i 

28 1 

4 

26 ’9 

24 *6 

— 

|25*5i 

— 

— ' 

25 -7 

24*6 


26 *8 

— 

28-1 

5 

26 '7 

25 *8 

24 '6 

26*2 

24*4 

— 

— 

— 


26*9 

26*8 

j$7-9 


(See folding tables for months of January, February and March.), 
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■\Y. 4 ® + April, 1896. 


Hours. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

7 


22*8 





_ 



8 

22*3 


22 *8 

21*5 

21 *0 

19-9 

20 *5 

20*8 

19 *2 

9 



24-4 



22 *3 

— 

— 

— 

, — 

— 

10 



2(5 *6 

— 

— 

— 

— 

21 *5 

— 

20 *9 

11 

24*6 

1 28*0 

27 *1 

— 

23 -y 

23 -S 

24*6 

— 

22 *8 

Hoon 

25 *5 

1 

— 

25 *5 

24-9 

24-8 

26 *0 

24*6 

24*6 

1 1 





— 

— ^ 

— 


- — 

— - 

— 

2 

24 *6 

28-2 1 

26 -0 

24*6 

24*6 

24 *2 

25*8 

26 *0 

22*9 

8 

— 

— 

— 

— 

— 

— 

— 

— 

— 

4 



24*6 


— • 

— 

— 

' — 

— - 


5 

22-9 

1 

; 1 

22*8 

22*1 

22*3 

21-0 

22 *8 

21 *9 

1 22*6 

1 


IV. Magnetic Observations at Eelwan^ near Cairo, 

(See table on opposite page.) 

V. Secular Variation, 

As many early observations as it has been possible to find in various 
works have been collected in the following tables for the purpose of 
determining the average annual rate of change. Generally the decli- 
nation appears to have been annually decreasing by about 6' to 7' in 
the- first half of the century, becoming, however, 3' to 4' only in the 
s^ond half. For the dip the available observations are very few ; but 
from tibose at Alexandria and at the Great Pyramid, Giza, the rate of 
decrease appears to be about 1' to l'-5 annually. For the horizontal 
force the observations are too few, and give results which are not very 
concordant. 

The observations before June, 1894, were made with the declina- 
torium, so that those made at later dates are more reliable, since a 
Kew pattern magnetometer with a unifilar suspension was used. 

The values obtained cannot be considered as laying claim to a high 
degree of accuracy, seeing that in most cases the hour of observation 
is not given in the older observations ; still in most cases the number 
of years elapsed is sufficiently great to reduce the error thus intro- 
duced into the value for the annual change to small dimensions. 

(Tables are printed on pp. 16, 17 and 18.) 




IV. Magnetic Observations at Helwan, near Cairo, 1898. 
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Observed by Mr. J. J. Oraig. 
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Capt. H. G. Lyons. 

V. Secular Variation of Declination. 


[June 6; 


Place. 

! 

! 

Obserrer. 

Date. 

Alexandria 

Quesnot and 
lifonet. 

1798 


? 

1842 


Gussfelcit, 

1876 


Capt. Leslie, 

1890 

” 1 

E.E. 


„ (Ramleb) 

d’Abbadie. 

1884 

Cairo 

B/Ussegger. 

1839 

• „ (Old Cairo) .. 

d’Abbadie. 

1885 

,, Abbassia .... 

H.G.L. 

1895 

*, J. Moqattani, . 

d’Abbadie. 

1885 

H.G.L. 

1893 

,, Great Pyramid 

d’Abbadie. 

1885 

JJ V 3J 

H.G.L. 

1893 

j> jj » 

H.G.L. 

1901 

Helwan 

H.G.L. 

1893 

JJ • * . • 

Mean for 
1899. 

1899 

Siwa Oasis 

Cailliand. 

1819 

>» JJ * 

Jordan. 

1874 

Mandisba (Babaria 



Oasis) 

Cailliand. 

1839 

Jordan. 

1874 


H.G.L. 

1894 

Assiut 

Cailliand. 

1819 


Jordan. 

1874 


d’Abbadie. 

1886 


H.G.L. 

, 1893 

Kbaarga (Kharga 

Cailliand. 


Oasis) 

1819 

Jordan. 

1874 


H.G.L. 

1894 


*Dr, J. Ball. 

1899 

Mut (Bakbla Oasis) 

Cailliand. 

1819 


Jordan. 

1874 


H.a.L. 

1894 

Luxor «... 

Cailliand. 

1819 


d’Abbadie. 

H.G.L. 

1885 


Declination 

Change 




per 





annnm. 


o 

/ 

// 

t 


13 

6 

0 

— 


8 

24 

0 

-6 '4 


5 

56 

9 

-4*4 


5 

3 

0 

-3*8 


5 

6 

2 

— 


9 

2 

0 



5 

5 

16 

28 


-4'8 


4 

5 

0 

-7-7 

’39-95 « 5' *3 

4 

56 

5 

— 


4 

36 

0 

-2 *5 


4 

48 

9 

— 


4 

82 

0 

-2*1 


3 

48 

6 

-6-5 

’85-4)1 « 3' *8 

4 

27 

7 

.... 


4 

11 

3 

-2‘7 


12 

80 

0 



7 

33 

0 

-5-4 


12 

11 

0 

■ 

Tillage Zubbo 

6 

34 

8 

-6*1 

Qasr 

5 

8 

9 

-4 -3 


12 

0 

0 




5 

42 

0 

-6-9 


5 

45 

9 

, — 


4 

49 

0 

-2-7 

1874-93 ; 

12 

10 

0 



6 

24 

0 

-6 '4 


5 

3 

0 

-4*0 


4 

15 

0 

-9*6 


12 

0 

0 

— • 

Ql,asr Dahhel, 
20 kiloms. 
north of Mut ^ 

6 

33 

0 

-6-0 


5 

24 

0 

-8*4 


12 

0 

0 


’ 

i [4 

25 

0 

-6*5 

At Guinia on 

;l4 

45 

0 

-6‘9 

west bank 

i ^ 

27 

0 

-6*0 



* Used Bamberg’s Beclinatorium. 
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Place. 

Observer. 

Date. 

Declination 

west. 

Change 

per 

annum. 





o 

/ 

// 



Assuan 

Cailliand. 

1819 

12 

0 

0 

— 



d’Abbadie. 

1885 

5 

13 

2 

-6*1 



H.Q-.L. 

1895 

4 

26 

0 

-4*7 


Amada 

Cailliand. 

1819 

11 

13 

0 



At Tomas, 6 








kiloms. up- 








stream 


H.O.L'. 

1895 

4 

38 

0 

-5*2 


Wadi Haifa 

Cailliand. 

1819 

11 

SO 

0 

— 



‘ H.Q-.L. 

1895 

4 

40 

0 

— 5*4 

i 

Mu’gissi (Amka) . . 

Cailliand. 

1819 

13 

0 

0 

— 

At Sarras, 20 



i 

t 





kiloms. south 


^ H.a.L. 

1895 

4 

66 

0 

-6-2 



The magnetic loeariiig of the walls or axes of certain temples is 
given in the “ Description de TEgypte,” and from these an approximate 
value for the secular change in the decimation may be deduced. 

On Philse — 



Magnetic 

bearing, 

True 

Declination, 


1799. 

hearing. 

32° 5' E. of N. 

1799. 

Orroat Isis Temple 

44“ E. of E. 

11° 55' 

Nectanebo's Temple. . . . 

25° „ 

13° 28' „ 

11 “ ass' 

The Kiosk (or Pharaoh*s 
Bed) 

104° 30' „ 

93° 25' „ 

11“ 5' 



Mean 

.. 11“ 31' 


The Declination in 1896 was 4° 23' W., which gives an average 
annual decrease of 4' *4. 

Korn Ombo Temple — 

Magnetic bearmg of axis, 1799 55° E. of N. 

• „ „ 1892 43° 55' 


Cliaiige in 93 years 11° 5' 

„ per annum 7'‘2 


Edfu Temple— 


^NTagnetic bearing of axis, 1799 


s> 


1892 


15° E. of isr. 
3° 10' „ 


Change in 93 years 11° 50' 

„ I er 7'*7 
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Oapt H. G. Lyons. 
Secular Variation of Dip, 


[June 6, 


Place. 

Observer. 

Date. 

Dip. 

Yearly 

change. 

Alexandria 

Quesnot and 

1TO8 

o / 

47 30 

'/ 


Kouet. 





? 

1842 

43 48 



Gussfeldt. 

1876 

42 52 

-1-6 

„ (Eamleh) 

d’Abbadie. 

1884 

42 47 -7 

-0*7 

Cairo — 





Great Pyramid. . . . 

d’Abbadie. 

1839 

41 41 -8 

— 



188S 

40 46-8 

-1*2 


H.G.L. 

1901 

40 31-6 

-1*0 

Luxor 

d’Abbadie. 

1885 

33 7-7 



H.G.L. 

1895 

33 38-1 

+ 3*0 

Assuan 

I 

— 

— 

— 


Secular Variation of Horizontal Force. 


Place. 

Observer, 

Date. 

H. in 
O.G .8. 
units. 

Annual 

change. 

Alexandria 


1842-5 

0-27955 

_ 



Gussfeldt. 

1876 

0 *2914 

+ 0*00036 

„ (Ramleb) 

d*Abbadie. 

1884 

0*2971 

+ 0*00067 

Cairo, Abbassia .... 

d’Abbadie. 

H.G.L. 

n.Gx. 

1884 

1895 

1896 

0*80159 

0 *30076 
0*30038 

000 

ill 

ob 

1 1 

Great Pyramid .... 

d*Abbadie. 

H.G.L, 

1885 

1901 

0*8084 

0*2992 

-0*00026 

Luxor 

dAbbadie. 

H.G.L. 

1885 

1895 

0*8249 

0 *82070 

-0*00042 

Assuan 

d'Abbadie. ! 

1886 

0 *8259 

, i. 


H.G.L. 

1895 

0*82864 

-0*00028 


As the observations for declination given in Tables la, J, c and ILt 
were all made between the autumn 1893 and the spring 1895, during 
which time the secular decrease would have been about 5', equal to 
about half the amount of the diurnal variation, no reduction to an 
epoch has been attempted. The values obtained by observation have 
been plotted on the accompanying map, and the isogonic lines drawn 
between them by hand. 
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These appear to show abnormally high values at Qena where the 
faulting of the Nile Valley is highly developed, and also at Bsna and 
at Akshi (Serra) between Abu Simbel and Wadi Haifa. At this place, 
too, the horizontal force has a high value. 


Appendix. 

Obsermtions on the Upper Nile, 

The following observations were taken in March and April of the 
present year (1901) while accompanying Sir W. E. Garstin, K.C.M.G., 
Under-Secretary of State for Public Works, from Khartum through 
the region of the “Sadd” to Gondokoro and back, and are added 
here with his permission. As this journey was specially undertaken to 
see the upper reaches of the Bahr el Jobel, and to measure the 
discharge of the White Nile and its various tributaries in this district, 
magnetic observations had to be taken whenever opportunities 
occurred. It has consequently happened that the stations occupied 
cannot be described with sufficient accuracy for them to be re-occupied 
at a future date, since most of them were wooding-stations with no 
permanent building or other marks in the neighbourhood. 

The latitudes given are taken from the map of the Bahr el Abiad (White 
Nile) made under the direction of General Gordon, when Governor- 
General of the Sudan, for the stations on that river ; and those on the 
Bahr el Jebel from a compass survey of the river made on this occa- 
sion and adjusted to the latitudes of Gaba Shamba, Kenisa, Bor, Lado, 
and Gondokoro, which have been determined by observations at 
various times. (See map, p. 24.) 

The station occupied at Omdurman was on the left bank of the Nile, 
half-way between the gunboat workshops and the angle of the old 
Omdurman wall, and about 100 metres from the river bank. 

These observations, extending as they do from about 16® to 5® 
north latitude, and crossing the magnetic equator, form an interesting 
continuation to those from Cairo to Wadi Haifa, 30® N, to 21® 30' N., 
which have been given above. 

No attempt* has been made to reduce these southern results to the 
same epoch as the others, since no reliable data are as yet available for 
doing so. Hardly any observations exist, it seems, which can be 
utilised to determine the secular change. Pruysenaere’s results (quoted 
in the following short table taken from * Petermann’s Mittheilungen,’ 
Erganz.-heft 51, 1877) in the desert east of the Bahr el Abyad (White 
Nile) appear to show too much local attraction to be of much use. 

An observation of Russegger's in April, 1837, at Terra, on the Bahr 
el Abyad, gives 9® W. for the declination, which, taking the present 
value at 5® 20' W., gives 3® 4' of annual decrease. 
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Place. 

Lat. N. 

Long. E. 

Declination. 

1863-64. 

J.Abel 

12° 42' 

34° 26' 

9° 10' 

J. Qerebin 

12 8 

34 15 

20 01 

Werhat (southern part) 

12 8 

34 10 

6 30 

Boro 

11 54 

34 3 

12 05 

Orxile 

11 43 

33 57 

i 8 40 


Also Captain A. W. Peel gives the West Declination at Khartum^ 
as 8® 30' in October, 1851, and Lieut. Watson, R.E., gives T*" 30' West, 
for that of Rejaf (lat. 4° 40' ±), on 15th December, 1874. 

The only other observation it has been possible to find in the books 
of travel, &c., available in Cairo, is a value of T 30' W. for the decli- 
nation at Gondokoro on March 20, 1861,* which with 6° 20' for the 
present values gives - 2' per annum. 

Unfortunately the first rains were already threatening at Lado and 
Gondokoro, and the sky was usually too cloudy to admit of satis- 
factory observations for azimuth, Hellet el Kuer and El Kenisa were 
therefore the only two places where the declination could be deter- 
mined on the Bahr el Jebel. Eussegger also gives for El Obeid 
declination 8® 30' west and dip 18® for April, 1837, but neither of 
these can be utilised, being too far from the Nile. 

The instruments used were Kew-pattern Magnetometer, No. 87, by 
Elliott, and a Dip Circle, No. 131, by Dover. 

* Penej, * Bull. Soe Geog. Paris,’ 1863. 




Observations of Dip and Horizontal Force on Bahr el Abyad and the Bahr el Jebel. 
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Capt. H. G. Lyons* 


[June 6, 
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Magnetic Declination determined on White Nile and Bahr el Jehel with Kew-pattern Magnetometer No. 87. 
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Kenisa, left bank of BaJir el Jebel 23-3-1901 6 46 0 16 20 I 6 13 8 




Magnetic Ohservatims in Egypt, 189§ — 1901. [June 6, 
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Description of Stations. 


Place. 

Bank 

of 

river. 

Observations made. 

Omdurman, 200 metres south of 

liftft 

Declination. Dip. Horizontal force. 

steamer workshops 

Kawa (lat. 13® 55') 



Horizontal force. 

Q-oz Abu G-oma (lat. 13® 23') 

Right 

Dip. 

Renk 


Declination. 

6 kilometres up stream of Jebel 


Declination. Dip. Horizontal force. 

Ahmed Agha 



Left 


Near Kaka (lat. 10® 30') 

Right 


48 kilometres down stream of 



Pashoda (lat. 10® 20') 



8 kilometres up stream of mouth of 


1 Declination. Horizontal force. 

River Sobat, on Bahr el Abyad 



Wood station on Rahr el Abyad, 

>9 

Dip. Horizontal force. 

east of mouth of Bahr el Zaraf 
12 kilometres 


Bahr el Zaraf, 20 kilometres from 

Left 

Dip. 

mouth 


Bahr el Jebel, 10 kilometres. 


Declination. Horizontal force. 

South of Hellet Nuer (lat. 8® 9' 30") 
Keriisa (lat. 6® 46' 0") .... 



>) 

Declination. Dip. Horizontal force. 

Wood station, south of Bor on Bahr 

Right 

Dip. Horizontal force. 

el Jebel (lat. 6® 5') 

Wood station, south of Kiro on Bahr 


» » 

el Jebel (lat. 6 ° 15') ' j 

. 1 






‘‘Note on the Effect of Mercury Vapour on the Spectrum of 
Helium.” By Professor J. Norman Collie, F.E.S. Eeceived 
June 3, — Eead June 19, 1902. 

Some years ago the author, in conjunction with Professor Ramsay, 
published the results of some experiments relating to the visibility of the 
spectrum of one gas in presence of another.* 

Since then some experiments have been made on the effect of 
mercury vapour (when present in considerable quantity) on the 
spectrum of helium in an ordinary Pliicker’s tube, under the influence 
of the electric discharge from an induction coil. When the spectrum 
of helium is examined in an ordinary Pliicker^s tube, it appears to be 
a simple one consisting of only eight lines — ^two red, one yellow, three 
green, one blue, and one violet. 

The spectrum, however, of the negative glow is much more com- 

* Rov. Soc. Proc.,* Tol. 69, p. 2C2. 





26 Effect of Mercwry Vapour on the Spectrum of Belium, [June 3, 

plicated, a large number of other and fainter lines appearing as well, 
if mercury vapour be introduced into such a tube filled with helium at 
from 2—5 mm. pressure, the first change noticed is the simplification 
of the spectrum of this negative glow ; and at the same time three of 
the helium lines disappear from the spectrum of the negative glow, 
the red 7065, the blue 4713, and the violet 4472, whilst the yellow 
5876 becomes very feeble. In the orange part of the spectrum a 
brilliant newline can now be seen, namely, the mercury line 6151, a 
line which as a rule does not appear in a Pliicker’s tube containing 
mercury vapour when an electric discharge from an induction coil is 
passed through it. The presence of the orange line of mercury is of 
interest, as other gases, argon, krypton, hydrogen, &c., mixed with 
mercury vapour, when examined under the same conditions fail to 
give it. * 

Whether this orange line is shown in a neon tube where mercury 
vapour is present is difficult to say, as one of the bright orange lines of 
neon almost coincides with it.* 

Besides this alteration of the helium spectrum at the negative 
electrode another curious change can be observed, if a piece of tubing 
(whose internal diameter is about 4 mm.) be introduced into the 
centre portion of the Plucker’s tube. The spectrum of the gas in this 
central portion invariably consists of the mercury lines in the yellow, 
green, and violet, together with one and one only of the helium lines, 
namely, the green line 4922. This seems to be a most delicate test 
for minute traces of helium in other gases, and this lino can be easily 
seen when no other helium Hnes can be detected elsewhere in the tube. 
A large excess of mercury vapour will also produce the same result in 
the spectrum of the glowing vapour in the capillary bore tube. 

Thus in the same Pliicker’s tube, containing helium and mercury 
vapour, helium may be made to yield three distinct spectra : — 

(L) In the narrow bore capillary portion the full spectrum of eight 
lines. 

(2.) At the negative electrode, three lines disappear, one red, one 
blue, one violet, and the yellow line becomes very faint. 

(3.) In the wider bore central portion only one green line is visible. 

Of course the mercury spectrum is visible in all portions, but at the 
negative electrode the orange mercury line becomes the most brilliant. 

Another interesting fact is the great pdrity of the spectrum. In 
every case there is a marked absence of light between the lines. 

Runge and Paschen pointed out in 1895t that the helium spectrum 
^eemed to belong to two systems. 

The lines which persist and those which disappear in the negative 

* The author has to thank Professor Ranisay for kindly helping him and for 
supplying the rare gases neon and krypton for these experiments. 

t ‘ Phil. Mag.,’ Yol. 40, p. 297. 
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glow coincide with these two systems. For all those lines which 
disappear in the negative glow, 7065, 4713, 4472, and the yellow line 
5876 which nearly does so, belong to that system which, according to 
Range and Paschen, is due to the gas helium ; whilst these which can 
be seen at the negative glow with their full brilliance, 6677, 5016, and 
* 4922, belong to the second system. 

This differentiation of the helium spectrum brought about by the 
presence of mercury vapour might at first sight appear as a confirma- 
tion of the idea of Range and Paschen that helium is a mixed gas, 
consisting of two different elements. But taken in conjunction with 
the fact that the spectra of argon, neon, and krypton are all altered 
by the same treatment, no reliance necessarily can be placed on the 
argument. 

In conclusion it is worth while pointing out that a helium-mereUry 
tube containing the merest trace of hydrogen should be of value as a 
standard tube for spectroscopic measurements. For it contains fourt^n 
standard lines, amongst them (C and F). Moreover all these lines are 
of brilliance ten, very equally spaced from the extreme red to the 
violet, and with dark spaces between them. 


He 

Red 

7066 

Hg 

Green 

5461 

He 

Red 

6677 

He 

Green 

5016 

H 

Red 

6563 0 

He 

Green 

4922 

Hg 

Orange 

6151 

H 

Green 

4861 F 

He 

Yellow 

5876 

He 

Blue 

4713 

Hg 

Yellow 

5790 

He 

Yiolet 

4472 

Hg 

Yellow 

6769 

Hg 

Yiolet 

4359 


Seed-fungus of Zolium te^mUentum, L., the Darnel.” By 
E. M. Freeman, M.S.f University of Minnesota. Communi- 
cated by Professor Marshall Ward, F.R.S. Received June 6 
— Read June 19, 1902. 

(Abstract.) 

Darnel {Lolium temulentum^ L.) has been known since Roman times 
for the poisonous properties of its grain. It was not, however, until 
1898 that the presence of an often considerable layer of hyphss Was 
discovered just exterior to the aleurone layer of the grain ; to the 
action of this fungus-layer the poisonous properties are presumaHy 
due.* Nothing had hitherto been known regarding the method of 

* How far ergot and other fungi may be concerned is s. disputed point.— 
[June 24.] 
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Mr. E. M. Freeman. 


[June 6, 

infection of the plant, although the presence of hyphae in the growing 
point from about the 8th day of germination to the formation of the 
fruit had been observed by one investigator, and but little positive 
evidence as to the real nature of the fungus has been produced. 

In addition to the now known hyphal layer outside the aleurone of 
the grain the author has discovered a hitherto unnoticed patch of 
hyphse, just outside of and contiguous to the base of the scutellum. 
From this patch hyphse can be found penetrating to the growing point 
of the embryo in the seed, and an abundant mycelium can usually be 
detected in the young growing point. The hyphee continue their 
growth, always intercellular, in the growing point and in the leaf-bases 
until the formation of the inflorescence, when every young ovule con- 
tains an abundance of hyphse throughout the nucellus, and extending to 
within two cells of its exterior. When the ovule elongates and assumes 
the ovoid form, there is formed a tongue of hyphse extending in the nu- 
cellus, from the funicular side to the micropyle on the inner or axial side 
of the embryo-sac. This patch becomes isolated by the further elonga- 
tion of the ovule, and by the cessation of growth of the hyphae in the 
funicle, and remains vigorous, forming an infection layer. When the 
embryo has attained a length of about 3/10 mm. and the rudiments 
of a lateral growing point and a terminal scutellum have been formed, 
the hyphae penetrate from the infection layer into the growing point, 
and can be found here in abundance in the mature grain. 

No trace of any formation of spores can be found anywhere, and 
they seem therefore unnecessary for the ordinary life-cycle of the 
fungus. The bulk of the nucellar hyphse of the ovule are crowded 
into the layer occupying the now well-biown position in the grain, by 
the growth of the endosperm. They sometimes penetrate the latter, 
but have never been seen to form either sclerotia or spores. This 
layer disintegrates during the germination of the grain. 

Other varieties or species of Lolium also contain such a hyphal layer 
occ^ionally, probably identical with that of Darnel. L have found it 
in i. tmmlentum, var. arvense, With., andji. Unicola, Br., very abund- 
antly, and rarely ini. perenne, L., i. multiflm%m, Lam., andi, italiam, 
Br., besides in several doubtful species. Several facts-— prominent 
among which are the ordinary sl^erility of the fungus and the apparent 
stimulation of the Darnel plant, as shown in the germination efficiency 
and the large size of the grains— point strongly to this being a 
remarkable instance of symbiosis. Such a symbiosis can be conceived 
I as denved through a sclerotial or spore-forming condition by the sub- 
stitution of an intra-seminal infection of the embryo after failure to 
reproduce in the usual way. 

The principal points dealt with in the full paper, which is illustrated 
by figures, may be shortly summarised as follows : — 
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1. The proportion of grains without to those with the fungus layer 
outside of the aleurone of L, temidentum varies, but is usually from 
80 — 100 per cent. In some cases the microscopic diiferences are 
sufiicient for diagnostic purposes. 

2. The hyphse sometimes penetrate the aleurone at any point and 
invade the starch-endosperm, but no fructification or spores of any 
kind have been seen. 

3. There exists in the nucellus, at the base of the scutellum and at 
the lower end of the inner groove of the grain, a layer of hyphse which 
lies directly against the embryo, constituting an infedim laye7\ 

4. Embryos of the grain of L. temulenkm in a proportion approxi- 
mately equal to that of the occurrence of the fungus in the grains, 
always contain hyphse in the growing point, and these hyphae can be 
traced to their origin in the infection layer. They remain in the grow- 
ing point throughout the life of the plant. 

5. The course of the hyphae is always intercellular. 

6. There is no reason for the supposition of any so-called “ my co- 
plasm ” in the embryo : the fungus always exists as distinct hyphse. 

7. In the growing plant the fungus forms networks in the leaf-bases, ^ 
of which the function has not yet been determined. 

8. The nucellar hyphse of the grain undergo degeneration duiing 
.germination without the formation of spores. 

9. All attempts to obtain cultures of the nucellar hyphse have 
failed, indicating either that the hyphse here have lost their vitality or 
else, as is more probable, that they are too closely adapted to a parasitic 
(or symbiotic) life to allow of artificial culture. 

10. In the young ovary a tongue of hyphse reaching from the funicle 
to the micropyle on the intier side of the grain, becomes detached 
from the remaining nucellar hyphse by the elongation of the ovule and 
the cessation of hypbal growth in the funicle. 

11. Infection takes place from this layer as soon as the growing 
point of the embryo has appeared as a recognisable rudiment. 

12. .The fungus of other species seems very probably identical 
with that of L, temulentum^ as cross-infections seem to be possible by 
grafting, L. muUiJlonm, Lam., and L. iialkum^ Braun., also contain a 
hyphal layer, 

13. There are serious objections to the reference of this fungus to 
the Ustilaginese, to the ergot-forming Pyrenomyeetes or the Hypho- 
mycetes (such as Woronin and Prillieux and Delacroix have described 
for poisonous rye), or to the suggestion that it is a Uredine. 

14. The effect of the fungus upon its host seems rather beneficial 
than detrimental, and several facts point toward the confirmation of 
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Guerin’s suggestion of a symbiotic relationship. Such can be conceived 
of as arising from a former sclerotium- (or spore-) forming habit by the 
adoption of a new intra-seminal mode of infection. 


On the Effects of Magnetisation on the Electric Conductivity of 
Iron and MckeL” By Guy Baklow, B.Sc., Eesearch Fellow 
of the University of Wales. Communicated by Professor A. 
Gray, F,E.S. Eeceived February 20, — Eead March 6, — Ee- 
ceived in revised form June 18, 1902. 

That magnetisation has an effect on the electric conductivity of 
metals was first noticed in 1856 by William Thomson* (Lord Kelviti), 
and since then, on aocomit of its very great theoretical interest, this 
phenomenon has formed the subject of numerous experiments. These 
later investigations have been made by Tomlinson,! Eighi,!: Hurion,§ 
LeduCjll Ettingshausen and Nernst,1F Ettingshausen,** Goldhammer,!! 
Lenard and Howard, Lenard,^ Henderson, 1||| Beattie, HH Gray and 
Jones,*** and others. 

Two cases of the phenomenon must be carefully distinguished — 
(i.) Longitudinal effect, when the direction of the electric current is 
parallel to the lines of magnetic force, (ii.) Transverse effect, when 
the current is perpendicular to the lines of force. The latter effect is 
el<^ly connected with the Hall phenomenon, and has received the 
name of Longitudinal Hall Effect. 

The following results obtained by previous experimenters are of 
interest in connection with the present investigation. For bismuth, 
Goldhammer found the change of resistance to vary as the square of 
the magnetic field, and since in this metal the magnetisation I is pro- 
portional to the field, this result may he written « aP, where 
denotes the /mr/zi??i«Hncrease of resistance, the increase of rosist- 

* * Math, and Phys. Papers,^ Toh 2, p. 807. 
t ‘Phil. Tians.,’ 1883. 

X ‘ Journ. de Physique, ’ toI. 8, p. 855 (1884). 

§ ‘ CcMupt. Rend.,^ vol. 98, p. 1257 (1884). 

II * CoTupt. Rend.,’ vol. 98, p. 673 (1884) . 
if ' Wien. Ber.,’ toI. 94, part 2, p. 560 (1886). 

** ‘ Wien. Ber.,’ toI. 95, p. 714 (1887). 

ft ‘ Wied. Ann.,' vol. 31, p. 360 (18S7) ; vol. 36, p, 804. 

tt * Eleofcro-technische Zeitschrift,’ vol, 9, p. 341. 

§§ ‘ Wied. Ann.,’ vol. 39, p. 619 (1890), 
llil ‘ Phil. Mag,,’ vol. 2, p. 488 (1894). 

* Phil. Mag.,’ vol. 1, p. 243 (1898). 

‘Roy. Soc. Proc.,’ 1900, vol. 67. 
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anoe divided by the resistance in zero field ; and a is a constant. It is 
therefore suggested by Goldhammer that the above relation may be 
also true for the ferro-magnetic metals. In order to verify this a 
direct determination of the magnetisation is necessary. Beattie has 
investigated the transverse effect in thin films of iron, nickel, and 
cobalt, and determined the magnetisation by means of Kundt’s result 
that for such films the Hall effect and the magnetisation are propor- 
tional, The relation = aV^ was confirm-ed in the case of the cobalt 
films, but not in those of nickel. In iron the variation of resistance 
was so small that accurate results were not obtained. In the more 
recent investigation of Gray and Jones on the change of resistance of 
iron wire magnetised longitudinally, the relation A<^ = aH was sug- 
gested as approximately representing their results between the field 
strengths 30 and 250 c.g.s. 

The preSent investigation had for its object a more exact determi- 
nation of the relation between the change of resistance and the mag- 
netisation in the two ferro-magnetic metals — iron and nickel. As in 
the experiments of Gray and Jones the metal was in the form of a 
wire, so that a close approximation to uniform longitudinal magnetisa- 
tion could be obtained. In the course of the investigation the 
hysteresis of resistance was found to be of such importance that this 
phenomenon was separately examined. Some determinations of the 
transverse effect were also included. 

Experiments in Ordinm^y Magnetic Fields, 

These experinients were made with three different specimens of 
wire, iron, steel, and nickel. 

The magnetic field was obtained by means of a solenoid 1 metre in 
length, which was placed vertically. The current for this solenoid was 
produced by a battery of storage cells, and measured by means of a 
Kelvin graded galvanometer which was standardised from time to time. 
The maximum field was 450 c.g.s. 

The Wheatstone-bridge method was used to determine the change 
of resistance, the connections being shown in fig. 1. P is the iron or 
nickel wire under investigation, Q a conipaiisoih coil of equal resistance. 
A very thick but uniform wire of German-silver was used for the 
bridge, but for measuring very small effects this was replaced by a 
nickel-plated copper wire having a much smaller resistance per unit 
length. A and B are two equal ausdlmij coils of German-silver wire, 
immersed in an oil bath to avoid temperature differences. A Kelvin 
astatic galvanometer G of resistance 3-6 -ohms was used in these 
experiments. In some preliminary measurements on the resistance 
change in the iron wire, the comparison resistance Q consisted of a 
spiral coil of the same wire. This method was first used by Gray 
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and Jones, and theoretically it should eliminate the temperature effects 
due to (1) the Joule heating effect in the iron wire catised by the 
current which flows through it, (2) radiation and conduction of heat 
from the magnetising solenoid, (3) gradual changes of temperature in the 
whole apparatus. It was found, however, that the second of these 
effects still gave rise to seriotrs difficulties, since the necessary insula- 


Fia. 1. 



tion between the coils P and Q prevented rapid equalisation of tem- 
perature. Thus the transmission of heat from the solenoid affected 
the spiral coil Q sooner than it affected the coil P, and hence the equi- 
librium of the bridge was disturbed. This method was therefore 
modified, the following arrangement being finally adopted. It will be 
sufficient to describe only the experiments on nickel, as in the case of 
the other two metals the apparatus was essentially the same. 

The resistance P consisted of two complete turns (*>., four lengths) 
of the nickel wire wound longitudinally on a thin rod of wood 66 cm. 
long. The connections to the bridge were made of thick copper wire 
soldered to the ends of the nickel coil. The resistance Q was equal to 
P, but consisted of thin copper wire wound in a similar way on the 
same rod. All the wires had double silk insulation. The ocffls were 
then covered with two layers of white wool and placed in a long glass 
tube which fitted into the magnetising solenoid; also the latter was 
provided with an internal water jacket, through which flowed a stream 
of cold water from the mains, the temperature of the water on enter- 
ing and lea^ung the solenoid being indicated by two thermometers 
inserted in capsules through which the water flowed. This arrange- 
ment prevented rapid transmission of heat to the coils P and Q, so 
that the heating effect was always small, and varied very slowly ; 
moreover, the heating effect in Q sufficiently compensated that in p! 
The current in the nickel wire never exceeded 0-05 ampere, and the 
bridge circuit being only closed for very short intervals, this current 
caused no observable change of resistance through the Joule heating 
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The changes of resistance are determined as follows The nickel is 
first thoroughly demagnetised by the process of reversals ; the reading 
■iCo of the bridge is then taken as soon as the equilibrium becomes 
steady. The magnetising circuit is then closed, and after reversing 
the current a number of times to ensure reaching a point on the curve 
of ascending reversals, the new reading oj is taken. Finally, the 
magnetising current is broken, and the residual reading ^ determined. 
Then Aaj =: aj - ajo is the step ” on the bridge wire due to the in- 
duced magnetisation, and » x' — Zq is the corresponding residual 
step.’ In taking the readings, the sliding contact piece is moved along 
the bridge until the point is reached at which no permanent deflection 
of the galvanometer needle takes place when the bridge current is 
made or broken. This was found to be the most satisfactory way of 
eliminating the thermo-electric effects in the bridge wire. Before each 
.set of readings the specimen was reduced to a neutral state by the 
process of demagnetisation, thus avoiding the errors due to slow 
•changes of temperature. 

The fractional change of resistance A<^ in the nickel wire P corre- 
rsponding to the step Aic is calculated from the formula 




AP A + B 


A.B 


o-Aa;, 


where cr is the resistance per unit length of the bridge wire, A slight 
•correction is required for the resistance of the copper leads connecting 
P to fie bridge. 

! A 'JrelimSiiaty experiment was made to test the effect of the magnetic 
•field 'on the resistance of the copper comparison coil Q. The nickel 
• coil was disconnected from tlie bridge, an equal resistance of German- 
: silver being substituted. Only the copper coil Q remained in the 
•solenoid, and as no change of resistance was observed, it was concluded 
“that in copper the effect is negligible. 

, The magnetisation curves were obtained by the ballistic method. 
.Seven pieces of the nickel wire, each 65 cm. long, were enclosed in a 
thin glass tube, round the middle of which was wound a ballistic coil 
-of 200 turns of fine copper wire. The glass tube was placed in the 
.axis of the magnetising solenoid, and the coil connected to a ballistic 
galvanometer provided with telescope and scale. The galvanometer 
■was standardised before and after each set of readings by means of a 
.•standard solenoid and secondary coil. 

The true magnetic force H in the nickel is given exactly by H = 
'H' - NI where H' is the magnetic field, calculated from the known con- 
: stant of the solenoid and the strength of the magnetising current, and 
N is the demagnetising factor for the bundle of wire. In both the 
resistance and magnetic apparatus the value of N was less than , 0*0005, 
.so that this term could be neglected. 

VOL. LXXI. 
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Results , — The corresponding values of A^, H, and I for the process 
of ascending reversals of magnetisation in nickel, iron, and steel are 
contained in Table 11. The change of resistance is always an increase, 
and is about eight times greater in nickel than in iron or steel for the 
same field. If we take A<5^> as ordinate and H as abscissa, the curves 
obtained will be found to have the same characteristics as the ordi- 
nary magnetisation curves, except that the points of inflection are 
not so strongly marked. The result is quite different if I be taken as 
abscissa. In this case we obtain for the three metals a curve which 
has no point of inflection, but which resembles in general form a semi- 
cubical parabola, the curve being remarkably flat near the origin and 
then rising very steeply. Figs. 2 and 3 show the relation of A<^ to I for 
nickel and iron respectively, the abscissa being the sgiiare of the 
magnetisation. The curve for steel differs very little from that of 
iron. 

For the three metals it is found that the relation A^ = suggested 
by the experiihents of Gray and Jones, is not generally satisfied {Le,^ 
the curves in figs. 2 and 3 are not parabolas), although it is nearly 
true for strong fields in the case of iron. In weak fields the variation 
of resistance appears to depend on a lower power of the magnetisation, 
and in order to represent the results for the three metals by the same 
formula it was found necessary to adopt the more general expression 

A<^=:aF + &I4 + cF, 

which must only be regarded as a convenient method of expressing, 
the results. The relative values of the coefficients Z», and r, are as 
follows : — 

Nickel a : J : c = 19 : 57 : -4 

Iron a : c “ 74 : 3 : 31 

Thus the term containing F is relatively much more important in 
nickel than in iron. 

An examination of the hysteresis effects in the three metals led to 
some interesting results which will be best understood by reference to 
fig. 4. This curve exhibits the variation of resistance in the nickel 
wire for a cycle of magnetisation corresponding to a double reversal 
of a magnetic field of about 165 .c.g.s. The resistance hysteresis 
loops for the three metals possess the same characteristic features. As 
the field diminishes from its maximum value, H = + 165 to zero, the 
descending branch of the curve lies above the ascending, and in zero 
field the two branches intersect at tlie point which represents the 
residual change of resistance. Then as the field is reversed to small 
negative values, the resistance continues to diminish until at a certain 
critical value of the field the curve reaches a minimum. After passing 
this point the curve rises rather steeply (especially in iron and steel). 




and, after inflection, attains its highest point with the maximum field 
H — -165. The loop is completed hy a similar curve as the field 
changes from - 165 to +165 units. At the two minimum points the 

D 2 
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curve appears to touch tiie axis. The magnetic hysteresis 1 oops were 
also obtained for exactly the same cycle, and a comparison of the two 
sets of curves indicates that the change of resistance is very closely 
related to the magnetisation. Thus the “ minimum points,” described 
above, appear to be identical with the points where the magnetisation 
loops ad the axis ; or in other words, when the field is such as to 
reduce the magnetisation to zero, the change of resistance also vanishes. 
Thus this critical value of the field is approximately equal to the 
coercive force” of the specimen. In all cases the curves represented 
the cyclic state that is obtained after a large number of reversals of 
the field. 

Eig. 4. 
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It may be remarked that the corresponding A^, I curves also possess 
loops, and hence it appears impossible to express A<^ as a function of I 
simply. Unfortunately the magnetisation loops were not accurate 
enough to allow of any attempt to establish a relation between the 
quantities A<^, H, and I for the general case of hysteresis. 

For 3iickel it was observed that if at any point of the cyclic process 
the field be suddenly reduced to zero, the residual resistance will 
depend on the particular point of the cycle which has been reached. 
In the neighbourhood of the minimum points reducing the field to 
zero may cause an increase of resistance. The minimum residual efiect 
was only about half that corresponding to the fields ±165 c.g.s. 
In the other two metals a similar effect was noticed, but the investi- 
gation was not carried fuither, owing to the difficulty of observing 
such very small changes of resistance. These effects cannot be ex- 
plained as resulting from the action of the earth’s field. 
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It should be mentioned that the change of length produced by 
magnetisation in iron and nickel is too small in moderate fields to 
account for the observed variation of resistance ; it is, however, possible 
that this effect^ may give rise to an important correction in strong 
fields. 

It is obvious that the method employed in these experiments com- 
pletely eliminates any change of resistance which is reversed in sign 
]>y reversal of the field ; but such an effect has never been observed. 

Experiments in High Fields. 

Uxperiment L — Longitvdinal Effect in NickeL 

Another specimen of wire was used having a diameter of 0*33 mm., 
and covered with double silk insulation. 

It being* desirable to determine the magnetic field and magnetisation 
under exactly the same conditions as the change of resistance, the 
apparatus was arranged so as to allow the three measurements to be 
made with the same nickel coil. A modification of the isthmus ” 
method was adopted. The magnetic field was produced by means of a 
Jar^e electromagnet provided wdth conical pole pieces having faces 
T7 cm. in diameter. 

The essential part of the apparatus is represented diagrammatically in 
figs. 5 and 6. The nickel wire was wound in a single layer, in and 
out the thin glass cylinder C, T1 cm. long and 1*1 cm. in diameter, so 
that the turns of the coil, 88 in number, were parallel to the axis of 
the cylinder, as shown in fig. 5. The glass being thin, the tramverse 
end elements of the coil were small in comparison with the length of 
the cylinder. There were three ballistic coils; the innermost was 
wound on a glass tube D, the second on the brass cylinder B, and the 
outermost on the brass flange A, which extended over half the 
cylinder B. This system of coils \vas attached to one end of a wooden 
arm, having a pivot at the other extremity, by means of which the 
coils could be suddenly placed in the proper position between the poles 
of the magnet. Before every reading the nickel was demagnetised by 
a separate arrangement. The ballistic deflections as well as the resist- 
ance change were produced by placing the coils in the field, the effects 
of residual induction in the nickel being thus avoided. There being 
no compensation for temperature variations, it was necessary to make 
the observations as quickly as possible. It was arranged that the 
ballistic deflections measured the differences of the total induction 
through the consecutive coils. The values of H and I were then easily 
calculated from the two observed deflections. 

As usual, it is assumed that the value of the field just outside the 
nickel is the same as that in the metal. The innermost ballistic coil 
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merely served to eliminate the value of the field near the axis. This 
method of determining I becomes insensitive when H is very great ; it 
was therefore found impossible to obtain measurements of the mag- 
netisation in this case. It is probable, however, that the saturation 
stage of magnetisation was practically reached within the range of the 
experiment. 


Fig. 5 * 

A 

B 



Fia 6. 



€(nidud(m,—'T]iat for fields ranging from 1000 to 11,000 c.g.s., the 
value of for longitudinal magnetisation in nickel wire is practically 
constmi. Tliis constant value 

H = 0-017 

obtained in tbe experiments, in ordinary 
The results indicated, however, that a slight decrea.'^e m A<f> takes 
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place in the highest fields, a peculiarity that could not be accounted 
for by the experimendal errors. In order to investigate this effect in 
still higher fields, the following experiment was made : — 

Ex^perment IL—Longitudinal Effect in Nickel, 

The method used was the same as in Experiment I, but the apparatus 
was simplified and made as small as possible. The nickel wire was 
wound on a glass cylinder as before, the number of complete turns 
being thirty-four and length of cylinder only 5 mm. A small ballistic 
coil was placed in the axis of the nickel coil in order to determine the 
field. Finer pole pieces were used and the distance between them 
reduced to 7*5 mm. No attempt was made to measure the magnetisa- 
tion, and the field determined by the ballistic coil is assumed to be 
the same as that in the nickel : as this had been proved to be approxi- 
mately true in the former experiment. 

Besnlfs, — The change of resistance now exhibits a decided maximum — 

= 0*0156, H = 2000 c.g.s., 
and in higher fields decreases continuously to the value 
A<p « 0*0100, H - 18,000 c.g.s. 

To explain this result it appears necessary to consider the effect of 
the end-elements of the nickel coil. In this apparatus the end-elements 
formed a considerable fraction of the whole coil, whereas in Experi- 
ment I this fraction was small. These elements of the wire are 
magnetised iransfoex^ely. Even if there were no transverse effect in 
nickel, the existence of the end elements reduces the observed change 
of resistance, and the necessary correction cannot be estimated. But 
the electrical resistance of nickel is diminished by the transverse mag- 
netisation, and this effect may therefore easily explain the peculiar 
results of the above experiment. 

. Experiment III, — Transverse Effect in Nickel. 

The above experiments suggested that an examination of the 
transverse effect in the same specimen of nickel would prove of con- 
siderable interest. For this purpose a coil of the nickel wire was 
"wound non-inductively on a short brass bobbin provided with wide 
flanges* The plane of the coil was placed at right angles to the lines 
of force, so that the whole of the wire was magnetised transversely. 
Very strong fields were obtainable on account of the small thickness 
of the coil, 3 mm. only. It is impossible to measure the magnetic 
field which exists in the metal in such a case, but the field undis- 
turbed by the nickel coil was determined for each measurement of the 
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resistance change. The nickel coil was subjected to the demagnetising 
process before each reading. 

The variation of resistance is shown in fig. 7. 


Fia. 7. 



In weak fields, has a small positive value, but a reversal takes 
place in a field of 1500 c.g.s. For higher fields A< 3 f> is negative and 
increases continuously j even in the highest field, H = 28,000, there is 
no indication of A<^ having a definite limit. The general form of the 
curve is similar to the curves obtained by Beattie for certain nickel 
films. 

From these results it was found that the decrease observed in 
Experiment II might be accounted for by assuming that about one- 
fifth of* the wire was transversely magnetised. The slight decrease 
observed in Experiment I is also to be explained in the same way., 

Experirnmt IK — Transverse Effect in NickeL 

A flat spiral of the nickel wire was inclosed between two plates of 
mica. Using the fine pole pieces at a distance apart of only 1 mm., 
the following result was obtained : — 

A<^ = -0*0199, H = 34,000 c.g.s. 

The field strength was determined before placing the spiral in the 
field. This value of the resistance change is the greatest effect ob- 
served in these experiments. 
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Experiment V. — Transverse Effect in Iron, 

An attempt was also made to measure the transverse effect in iron, 
using the same method as in Experiment III. The .effect observed 


Table I. — Dimensions of Wires used in the Experiments. 


Experiment. 

Diameter 
of wire in 
millimetres. 

Eesistanoe. 
Ohms per 
centimetre. 
15° 0. 

Actual 
resistance 
of coil in 
ohms. 15® C, 

Total 
length of 
wire in 
centimetres. 

Ordinary fields — 

Iron 

0-330 

0 -01450 

1-83 

127 

Steel ! 

, 0-765 

0 -00382 

1-01 

263 

I^ickel 1 

0-765 

0-00217 

0-573 

264 

High fields — 1 

Nickel. Exp. I ..1 

1 

0 -200 

0 -02900 

6-90 


, II .. 

1 ** 

>» 

1-31 

1 

„ „ III .. 

jj 

» 

4-65 

— 

n „ IV .. 

1 >> 


0-57 


Iron „ V . . 

1 

t 


1-40 



Table II. — The Longitudinal Effect for Nickel, Iron, and Steel, 
(Ascending reversals for mean temperature 10“ C.) 



Kictel. j 

Soft iron. 

1 

Steel. 

H. 

I, 

X 10-«. 

I. 




10 

10 


680 

50 

70 

__ 

20 

60 

100 

1040 

210 

800 

— 

30 

178 

550 

1180 

340 

1150 

300 

40 

225 

1250 

1230 

440 

1230 

470 

60 

256 

1900 

1270 

520 

1260 

545 

60 

277 

2460 

1300 

590 

1280 

600 

80 

305 

3500 

1340 

700 

1320 

.710 

100 

327 

4400 

1370 

800 

1360 

823 

150 

366 

6300 

1430 

1040 

1420 

1055 

200 

393 

8050 

1470 

1240 

1470 

1270 

250 

411 

9400 

1500 

1400 

1500 

1460 

300 

426 

10500 

1530 

1550 

1630 

1640 

350 

436 

11400 

1560 

1670 

1560 

1780 

400 

446 

12300 

1580 

1760 

1580 

1920 

450 

456 

12900 

1590 

1850 

1600 

2030 

790^^ 

11000# 

474 

J- 17000 




Resid. 1 
(max.) J 

250 

900 

840 

70 

1120 

180 


JS^ote (*) refers to Experiment I in strong fields. 
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was very small, but, as in tbe case of nickel, exhibited a change of 
sign, the reversal taking place in a field of 9500 c.g.s. (See fig. 7.) 

The highest field obtained was only 11,000 c.g.s., and as the self- 
demagnetising force must be very great in this case, it is possible that 
with much stronger fields the effect may increase rapidly. The same 
specimen of iron was used as in the experiments with ordinary fields. 

All the experiments described above were carried out in the Physi- 
cal Laboratory of the University College of North Wales; and, in 
conclusion, I desire to acknowledge my great obligation to Professor 
E. Taylor Jones for the interest he has taken in the work, and also for 
much valuable help and advice. 


“Influence of Tenaperature on the Gonductivity of Electrolytic 
Solutions.’* By W. E. Bousfield, M.A., KO., M.P., and T. 
Martin" Lowry, D.Sc. Communicated by Professor H. E. 
Armstrong, F.E.S. Eeceived and read June 19, 1902. 

The phenomenon of electrolysis is characteristic mainly of the liquid 
state, a liquid electrolyte usually ceasing to conduct when it passes 
into the gaseous or into the crystalline state. The influence of tem- 
perature on the conductivity of a liquid such as an aqueous solution of 
hydrogen chloride is, however, of such a character as to indicate that 
an upper and a lower limit of conductivity may exist apart altogether 
from the boiling point and freezing point of the solution. The pre- 
sent conamunication contains a summary of the evidence for the 
existence of these limits of conductivity, a brief discussion of their 
probable position on the scale of temperature in the case of some 
aqueous and other electrolytes, and a review of the influence of tem- 
perature on conductivity.over the whole range of temperature within 
which electrolysis can take place. 

Whatever view be taken of the nature of the process by which a 
conducting solution is formed on dissolving a salt, acid, or base, in an 
“ ionising solvent,” there is every reason to believe that the process is 
only complete in presence of a very large excess of solvent, and that 
usually only a part of the solute is concerned in carrying the current. 
The proportion of the solute that is thus rendered active in electro- 
lysis is represented by a coefficient of ionisation,” and two general 
methods are in use for determining its magnitude. In the first method, 
the “ equivalent conductivity,” A., of the solute is determined for a 
series of dilutions, and the ratio XvlXoi> of this constant at a dilution 
of V litres per equivalent to that at infinite dilution is taken to repre- 
sent the coefficient of ionisation at volume v. This method is based on 
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the assumption that the “ mobility ” of the ions which carry the cur- 
rent is independent of the dilution, and is probably subject to serious 
eri'ors when applied to solutions containing more than one equivalent 
of solute in 100 litres. The second method is based on the determina- 
tion (usually from the boiling point or freezing point) of the osmotic 
pressure of the solution. The “ active ” part of the solute produces 
an osmotic pressure n times as great as that produced by an equi- 
molecular quantity of an “ inactive ” solute,^ n being the number of 
ions into which the molecules of the solute would be decomposed on 
electrolysis. The coefficient of ionisation is deduced from the equa- 
tion a = in which the factor i represents the ratio of the 


observed osmotic pressure to that calculated for an inactive solute at 
equal dilution. This method of measuring a is also valid only in 
dilute solutions, is probably subject to error when applied to solutions 
containing more than one equivalent of solute in 10 litres. 

In the majority of cases the magnitude of the coefficient of ionisa-- 
tion is found to decrease as the temperature rises, and the primary 
•effect of an increase of temperature is therefore to reduce the amount 
of active material in the solution — an effect which may be attributed 
to the gradual disappearance of the “ionising power” of the solvent. 
But whilst the coefficient of ionisation usually decreases as the tem- 
perature rises, the equivalent conductivity at infinite dilution in- 
variably increases. This is due to an increase in the “mobilities,” 
u and Vy of the kathion and anion, which together make up , and is 
intimately related to the decreasing viscosity of the solution, which 
allows the migration of the ions to proceed more rapidly as the tem- 
perature rises. The effect of temperature on the equivalent conduc- 
tivity of an electrolytic solution is therefore determined by two 


opposing influences, and the temperature coefficient 


1 


- or -h according as one or other of these Influences predominates. 

In the case of aqueous solutions, the temperature coefficient at 18“ C. 
is always positive, and usually amounts to about 2 per cent, of the 
conductivity at 18“ per degree Centigrade. The conductivity tem- 
perature curves are very flat (compare fig. 1), and have frequently been 
represented by linear formulae such as (1 + cut), but may often 

be more accurately represented by a parabolic formula such as 
A.e = Xo(l-hai + ^^2). If the linear or parabolic curves be produced 
in the direction of decreasing temperature, they would cut the axis 


1 fie 

# The temperature-coefficient - ~ of specific conductmty is not identical with 
K dr 

1 ^ ^ approximately, where d is the coefficient of expansion 

\dT Kdr Kdr 

of the solution. ■ . • 
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of temperature at points not more than 50° below the freezing 
point of water. The point of intersection is an important constant 



!Fiq-. 1. — Influence of temperature on the conductivity of very dilute solutions. 


for any given solution, and we have been accustomed to refer to 
it as the conductivUy zero of the solution. At this temperature, if the 
observed relationship between conductivity and temperature should 
continue to hold good, the conductivity of the overcooled solution 
would become zero, and the conductivity zero may therefore be 
satisfactorily compared with the absolute zero of a gas thermometer 
at -273% 

The influence of temperature on the conductivity of aqueous solutions 
has been investigated by Grotrian, Kohlrausch, Arrhenius, D^guisne,* 
and others. In an important paper which has recently appeared,! 
Kohlrausch has deduced from D^guisne’s measurements the values 
of the temperature coef&cient in aqueous solutions of infinitely great 
dilution, and has arrived at the important conclusion that the conduc- 
tivity temperature curves for all such solutions would, if produced, cut 
the axis of temperatixre at points . lying within a degree or two of 
- 38’5° C., the differing slope of the lines being compensated by their 
differing curvature (fig. 1). This temperature, which is almost inde- 
pendent of the nature of the solute, is evidently a fundamental 
constant of the solvent, and may be referred to as the “ conductivity 
zero of the solvent” 

The physical meaning of the conductivity zero is a matter of some 
importance. Kohlrausch states that the viscosity of water may be 
represented by the formula rj = 2*989 (t -{- 38‘5)“i*^% which leads to 
an infinitely great viscosity at - 38° *5, and suggests that at this 

* * Diss., Strassburg/ 1895. 

t ‘ Sitz. Prouss. Akad, Wisa./ vol. 42, p. 1026, 1901. 
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critical temperature the water would, “ iudependently of crystal- 
lisation reach a lower limit of the liquid state,” the mobility of the 
ions being simultaneously reduced to ;fiero. The actual existence of 
such a sharply defined critical temperature appears to us to be some- 
what improbable. We consider it more likely that in an overcooled 
solution the relationship between conductivity and temperature, deter- 
mined from observations above the freezing-point, would cease to hold 
good in the neighbourhood of the conductivity zero, and that even at 
considerably lower temperatures the electrolyte? might still retain some 
appreciable conductivity. 

We have obtained experimental eridence in support of this view 
from a'^/Study of the conductivity of glass, which may be looked upon 
as a typical example of an overcooled electrolyte. The accompanying 
curve {and table (fig. 2) represents a series of observations which we 



IFia. 2. — Influence of temperature on the conductivity of glass. 


have made on the change with temperature of the conductivity through 
the walls of a glass test-tube. The test-tube was half-fiUed with 
mercury, and was placed inside a larger tube, also containing mercury, 
and heated in a sand-bath ; the inner tube contained a thermometer, 
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and the conductivity between the two layers of mercury was deter- 
mined by a i 3 otentiometer method ; the conductivities are expressed in 
arbitrary units. Above 200’ the curvature is very slight and the curve 
is similar to that of an aqueous electrolyte above O’. Extrapolation 
from this part of the curve would indicate the existence of a ‘‘conduc-. 
tivity zero” at about 185’ 0., but as this temperature is approached 
the decrease of conductivity becomes much less rjipid, the “ critical 
temperature is passed without any abrupt change in the curve, and 
even below 100’ the conductmtyis still measuraUe. 

Further evidence of a similar character is supplied by the tempera- 
ture-viscosity curves. The formula given by Kohlrausch leads to a 
limit of fluidity at - 38’-5, but no statement is made as to the experi- 
mental data on which it is based. Thorpe and Eoclger* give two 
formulae for the viscosity of water. The first, 

= 5*9849(43*252 

expresses the experimental data from 0° to 100’, and would lead to a 
limit of fluidity at -43’ *2, a temperature within 5’ of Kohlrausch’s 
critical temperature. But the second formula, 

71 = 58*7375(58*112 

which expresses with accuracy the viscosity of water between 0’ and 
8’, would lead to a limit of fluidity at -58’*1, that is, 20’ below 
Kohlrausch’s “ critical temperature.”! In this case, therefore, a change 
in the law governing the relationship between viscosity and tempe- 
rature is already noticeable above the freezing point of water, and is 
of such a character as to lead to a “fluidity zero” considerably 
below the “ conductivity zero ” deduced from measurements between 
r and 34’ C. 

We conclude therefore that, whilst the conductivity zero at - 39’ 0. 
is an important physical constant of water, it is a measure of the 
properties of water between 2’ and 34’ only (the temperature limits 
of D^guisne’s conductivity measurements), and not an actual critical 
temperature comparable with the freezing point. In accordance with 
this view we have, in summarising the influence of temperature on 
conductivity (fig. 3), represented the conductivity as persisting at a 
temperature Ti considerably below the conductivity zero at T 2 . 

To express the relationship between conductivity and temperature, 
D^guisne and Kohlrausch employ the formula 

* * PMl. Trans.,’ A, 1894, toI. 185, pp. 397—710. 

•f A still more sta*iking illustration of tlie influence of the experimental tempera- 
tures on the fluidity-limit is afforded by the case of actiye amyl alcohol (Thorpe 
and Bodger, loc. Hi., p. 542). The viscosity of this is represented by three 
different formulae, which hold good from (f to 35®, 35°— 73®, and 73®— 124®, and 
would lead to zero values for the fluidity at -101®, -65®, and -8® respectively. 
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In the case of solutions of very great dilution, the coefficient fi, 
which determines the curyature of the lines (fig. 1) is related to the 
coefficient a, which determines the slope of the tangent at 18° C., in 
accordance with the equation 

/3 = 0-0163 (a -0*0174), 

and the whole influence of temperature on conductivity is thus deter- 
mined by a single arbitrary constant. A similar equation is also used 
by Kohlrausch to express the influence of temperature on the separate 
ionic mobilities. Negative values of occur only in the case of the 
hydrogen ion, 

a = +0*0154, P = -0*000033, 

and the acids which contain that ion ; positive values of ^ range from 
that of the hydroxyl ion, 

a = +0*0179, ^ = +0*000008, 

which obeys a law which is almost linear to that of the lithium ion, 

= +0*0261, /5 = +0*000155, 

where the curvature of the lines in the conductivity temperature 
diagram is very pronounced. In order to make a direct comparison 
between conductivity and viscosity — a comparison which is hardly 
possible when two entirely different types of formula are used for the 
two phenomena — ^we have sought to express the viscosity of water by 
means of the formula 

^18 = ^«{l+a(^-18) + A(^-18)2}. 

In order to make the comparison as exact as possible, we have 
deduced the constants a and /3 from the values given by Thorpe and 
Rodger for the viscosity of water at 5° *45, 13° *52, and 30°‘72, the 
temperature limits being thus almost identical with those of D4guisne’s 
experiments, and have thus obtained the values 

a = +0*0251, ^ - +0*000115, 

for the two constants. We find that between 5° and 55° this expres- 
sion represents the experimental data with even greater closeness than 
the formula used by Thorpe and Rodger, but that above 55° it gives 
values smaller than those determined experimentally. The closeness 
of the agreement is shown by the following table : — 
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t. 

1 ? (obs.).. 

ri (calc.) Difl. 

(Thorpe and Eodger.) 

7) (calc.) Diff. 

(Bousfield and Lowry.) 

5*45 

0 -01494 

0 *01494 

0 

0-01494 

0 

13 *52 

0*01181 

0-01179 

-2 

0 -01181 

0 

22*02 

0 -00955 

0 -00951 

-4 

0*00954 

-1 

30*72 

0 -00786 

0 -00784 

-2 

0-00786 

0 

39 *32 

0-00662 

0*00661 

0 

0*00602 

0 

47*03 

0-00576 

0 -00577 

4- 1 

0-00576 

0 

55*53 

0-00501 

0 *00602 

-rl 

0-00500 

-1 


The values of a and /S in this formula for the viscosity of water are 
considerably larger than those which express the influence of tem- 
perature on the conductivity of the majority of aqueous solutions, but 
agree remarkably closely with the mlues given by Kohlrausch for the con- 
ductivity of jpurijied water ] this he found to have an abnormally large 
temperature coefficient, the constants being 

a = -h 0*0254, i3 = + 0*000130, 

as compared with the values of the constants in the viscosity formula 

a - + 0*0251, y8 = + 0*000115. 

The striking agreement between the constants in the two equations 
shows that not only do the conductivity and viscosity of water tend 
towards the same limiting temperature, but also that their variation 
with temperature can be expressed by one formula and represented 
by one curve ; between 2“ and 22“ the maximum divei’gence between 
the values calculated from the two formulje is only 0*2 per cent. 

The conductivity zero for water at - 39“ is not an isolated pheno- 
menon, and although the data available are in no case so numerous or 
BO accurate as in the case of water, it is possible to make at least an 
approximate determination of the position of the conductivity zero for 
a number of other solvents. For this purpose three different methods 
are available. 

(1.) The influence of temperature on viscosity has been determined 
with great care by Thorpe and Eodger for a large number of liquids, 
several of which are capable of acting as ionising solvents. In the 
case of these solvents the conductivity zero should lie at temperatures 
not far removed from the limits of fluidity deduced from the viscosity 
formulae. In this way an approximate determination can be made of 
the conductivity zero of the following solvents : — 


Acetone -210“ 0, 

. Ethyl ether -136 

Methyl alcohol - 164 

Ethyl alcohol -210 
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In no case is the temperature coefficient of viscosity so great as in 
the case of water, and the conductivity zero for each of these liquids is 
evidently very far below the conductivity zero for water. 

(2.) At great dilutions the influence of temperature on ionisation is 
usually much reduced, and aqueous salt solutions of N/1000 strength 
have temperature coefficients of conductivity which do not differ 
appreciably from those calculated for solutions of indefinitely great 
dilution. These coefficients can be used ' in determining the con- 
ductivity zero of the solvent, and a rough estimation is possible from 
measurements made in much less dilute solutions. The conductivity 
of a number of salts dissolved in liquid ammonia has been determined 
by Legrande* * * § at temperatures ranging from -32® to -70® C., the 
dilution in each case being greater than 100 litres per equivalent. The 
mean temperature coefficient at - 60® C. for the five salts was + 0*012, 
corresponding with a conductivity zero at - 140®. A similar examina- 
tion of Walden and Centnerszwer’s measurements of solutions in liquid 
sulphur dioxide between 0° and -70“ C.f serves to place the con- 
ductivity zero for this solvent at about - 160° C. The measurements 
of Dutoit and Friedrichj: of the conductivity between 0® and 25® of 
solutions of AmCNS and Nal in acetonitrile lead to a conductivity 
zero for the nitrile at - 90® G. 

(3.) The temperatui'e coefficient of conductivity of purified water 
leads to a satisfactory value for the conductivity zero. By applying a 
similar method to Fresnel’s measurements of the conductivity between 
- 40® and - 80® of purified ammonfe§ we have obtained for the con- 
ductivity zero the value - 130®, a value which is substantially in 
agreement with that deduced from the behaviour of Legrande’s salt 
solutions. 

Whilst at low temperatures the eftect of temperature on conductivity 
is determined mainly by the changing mobility of the ions, at higher 
temperatures the changing ionisation becomes the dominant factor. 
And just as the increasing viscosity of the solution leads at low tem- 
peratures towards a lower conductivity zero at which the viscosity of 
the liquid would altogether prevent electrolysis, so at high temperatures 
an wpyer limit may exist at which the conductivity would again 
become zero owing to the complete disappearance of ionisation. 

In the ease of aqueous solutions the indications of an upper mtdm- 
tivity ssero are only slight. At 18® the temperature coefficients of 
conductivity are all positive, and only in very exceptional cases have 
negative coefficients been observed, even at higher tempei^atur^s. 

* Thesis, Paris, 1900. 

t * Zeit. Phys. Chem.,* 1902, vol. 39, |>. 542. 

J ‘ Bui. Soo. Ohim.,’ 1898, vol. 19, pp. 321—337. 

§ ‘ Zeit. Electrochem.,’ 1900, vol. 6, p. 485, 


VOL. LXXI. 


E 



50 Mr. W. E. Bousfield and Dr. T. M. Lowry. [June 19, 

Nevertheless, when the influence of changing ionic-mobility is 
eliminated, and '’the coefficient of ionisation is dealt with separately, 
the decay of ionisation as temperature rises is in many cases very 
clearly marked, even at O'* C., and in presence of a large excess of the 
solvent. Thus Whetham* has shown that at a dilution of 1000 litres 
per molecule of solute the coefficient of ionisation of potassium chloride 
falls from 0-992 at 0° to 0*982 at 18°, and that of barium chloride 
from 0*969 at 0° to 0*954 at 18°; in the case of copper sulphate no 
decrease occurs at dilutions greater than 1000 litres, but at a dilution 
of 100 litres the coefficient falls from 0*638 at 0° to 0*623 at 18°. 
These and other measurements that have been made between 0° and 
100“ serve, however, mainly to show that within these limits the 
coefficient of ionisation is influenced only to a relatively small extent 
by temperature, and that the upper conductivity zero must lie very 
much further from the boiling point than' the lower zero is removed 
from the freezing point. 

The different behaviour of acids and salts, which is unimportant in 
the case of the lower conductivity zero, becomes a vital factor in 
discussing the possible existence of an upper conductivity zero. 
Armstrong! has already called attention to the importance of the 
fact that whilst the majority of salts are conductors the acids 
are, in the pure state, dielectrics, and only become electrolytes by 
interaction with an “ionising solvent.” In virtue of their inherent 
power of sdf4mi$atioQb^^ the salts may therefore exhibit some con- 
ducting power independently of tb.at due to the ionising properties of 
the solvent, whilst it is to be anticipated that the acids would cease to 
be electrolytes if the solvent, by reason of increasing temperature, 
should lose its power of ionisation. For this reason evidence of the 
existence of an upper conductivity zero is to be looked for especially 
in solutions of substances which like the acids are incapable of self- 
ionisation, The acids are also especially suited for this purpose owing 
to the fact that the mobility of the hydrogen ion increases relatively 
slowly with rising temperature. Even at atmospheric temperatures 
the temperature coefficients for the acids, though positive, are rela- 
tively smalLand the acids would therefore be the first to exhibit a 
maximum of conductivity and a reversal in the sign of the tempera- 
ture coefficient. This effect of decreasing ionisation was actually 
observed by Arrhenius in the case of phosphoric and hypophosphorous 
acids, which exhibit maxima of conductivity at 54° and 75° respec- 
tively, and maxima of conductivity have also b^en observed by Sachf 
in the case of aqueous solutions of copper sulphate. In the majority 
of aqueous solutions the maximum of conductivity lies above the 

* ‘ Piiil. Trans./ 1900, toI. 194, pp! 321—360. 

t * Bfay. Soc. Proc./ 1886, toI. 40, p. 268. 

t ‘ Wied. Ann./ 1891, toI. 43, p. 212. 
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boiling point and experimental work is rendered very difi&cult, owing 
to the ready solubility of glass in water at high temperatures ; this 
not only contaminates the solutions but gT*eatly weakens the sealed 
tubes in which they are contained. Hagenbach* has, however, made a 
single observation which is of importance as showing that even the 
salts of the alkali-metals may exhibit negative temperature coefficients 
at high temperatures ; in the case of an aqueous solution of KOI, con- 
taining dissolved glass, he actually observed on one occasion a maxi- 
mum of conductivity before the explosion of the tube took place at 
310\ 

Much more evidence is available for the existence of an upper con- 
ductivity zero in the case of non-aqueous solutions. Franklin and 
Kraust have found that at high temperatures the conductivity of 
solutions in liquid ammonia decreases as the temperature rises — an 
effect directly opposite to that observed by Legrande at low tempera- 
tures; and Maltbyt has shown that even at atmospheric tempera- 
tures the conductivity of an ethereal solution of hydrogen chloride 
decreases as the temperature rises, and in the neighbourhood of the 
critical temperature is only ^ of the conductivity at 18®. Negative 
temperature coefficients have also been observed by Oattaneo§ in solu- 
tions in ether, alcohol and glycerol. 

The most valuable esperimental data, however, are those derived 
from the study of solutions in liquid sulphur dioxide. Hagenbach,|i 
in order to ascertain whether the limit of conductivity was reached 
at the critical temperature, measured the conductivity of solutions 
in sulphur dioxide at temperatures ranging from 20® to 160®, and 
found that the temperature-coefficients between 100® and 140® of 
KOI, KBr, KI, and Nal were all negative, ’ and amounted to about 
2 per cent, of the conductivity at 100® for each degree Centigrade. 
The upper conductivity zero of these solutions, determined by extra-, 
polation from the measurements between 130® and 150®, would lie in 
each case some 5® or 10° above the critical temperature of the solution, 
but immediately below the critical temperature the conductivity falls 
rapidly over a narrow range of temperature until it reaches the small 
but measurable conductivity of the gas. It is to be noticed that the 
substances examined by Hagenbach are all self-ionising — this would 
retard the decay of ionisation, and would have the effect of raising the 
upper temperature-limit of conductivity. High temperature measure- 
ments have also been made by Walden and CentnerszwerU in the case 

‘Ann. d. Physik,^ 1901 [o], vol. 2, p. 306. 
t ‘ Amer. Ohem. J oiu*.,’ 1900, voi. 24, p. 88. 

X * Zeit. Phys. Cheni.,’ 1S96, vol. 18, p. 133, 

§ * Bend. liineei ’ [5], vol. 2, 1, p. 296, and^I, p. 112, 1893. 

II ‘ Ann. d. Physik,’ 1901 [5], vol. 2, pp. 276 — 312. 

% ‘Zeit. Phys. Chem.,’ 1902, vol. 89, p. 549. 
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of solutions in sulphur dioxide of hydrogen chloride, quinoline, and a 
number of organic iodides. The first of these solutions is of special 
interest, since hydrogen chloride is known to be of itself a non- 
electrolyte, and to possess no power of self-ionisation ; the conductivity 
of its solution in sulphur dioxide, unlike that of the salt-solutions 
examined by Hagenbach, appears to decrease regularly to a zero value 
at the critical temperature, which is therefore identical with the upper 
conductivity zero of the solution. 

We are now in a position to review the influence of temperature on 
the conductivity of a “ composite electrolyte ” over the whole range of 
temperature within which it remains a conductor. Its general charac- 
ter may be represented by means of a curve (fig. 3), in which tempera- 


D 



♦1*10. S.— General scheme, showing’ the inflnence of temperatiuv on the oonductiTity 
of a composite electrolyte. 

tures are represented as abscissae on a horizontal axis and conductivi- 
ties as ordinates. At some intermediate temperature Tg, depending 
on the nature of the solvent and solute as well as on the concentration 
of the solution, the conductivity reaches a maximum and the tem- 
perature coefficient is momentarily zero. As the temperature falls the 
conductivity decreases, the increasing viscosity more than counter- 
balancing the effects of increasing ionisation. Over a considerable 
range, BC, the curve follows an approximately linear law, the line 
becoming concave to the axis of temperature near C, and convex near 
B. On this part of the curve the conductivity of the majority of 
aqueous solutions must-be represented, the acids giving values on the 
concave and the salts on the convex part of the curve. This portion 
of the curve would, if produced, cut the horizontal axis at To, the 
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lower conductivity zero of the solution ; but as this temperature is 
approached the curve probably turns aside and becomes asymptotic to 
the axis of temperature. 

Above the temperature of maximum conductivity the conductivity 
also decreases, the decreasing viscosity being now more than counter- 
balanced by the decreasing ionisation of the solution. The decay of 
ionisation becomes more rapid as the temperature rises, and if the 
solute is not an electrolyte the curve EF runs steadily down and 
cuts the axis at T 4 , the critical temperature of the solution, which is 
thus the upper conductivity-zero of the solution. In the case of very 
dilute solutions this would, of course, be identical with the critical 
temperature of the solvent. If, however, the solute is capable of self- 
ionisation, the curve EFG tends towards an upper conductivity zero 
at T 5 a few degrees above the critical temperature, but as the critical 
temperature is approached the conductivity falls abruptly along GH 
to a value comparable with that which persists in the gaseous state HI. 

[Note added August 2 , 1902. — The general scheme of fig. 3 serves to 
bring into prominence at least one important point that has been very 
generally overlooked, namely, that the nmnial form of the conductivity- 
temperature curve for a composite electrolyte is one which contains a point of 
inflexion. Two such points are shown in fig. 3, between B and 0 and 
between E and F. Of these, the former should be frequently observed 
in aqueous solutions, seeing that these give values lying on parts of 
the curve both above and below the inflexion. A widespread impres- 
sion exists, however, that an inflexion in the conductivity-temperature 
curve indicates some abnormal change in the character of the solution. 
This impression has been strengthened, if ' indeed it has not been 
created, by the general adoption of a linear or parabolic formula to 
express the influence of temperature on conductivity. Kohlrausch, 
in his detailed review of the literature of the subject,* makes no 
reference to the existence of inflected curves, and does not even hint at 
the possibility of curves of this type. Trotsch, who observed inflexions 
in the case of a number of sulphates and the chlorides of copper and 
cobalt,! regarded them as due to the decomposition of hydrates 
existing in the solution, whilst Donnan and Bassett, in a paper which 
has only just appeared,! quote the inflexion observed by Trotsch as 
evidence for the existence of a complex ion in solutions of cobalt 
chloride. 

According to the views here put forward, the conductivity-tempera- 
ture curves are all inflected. In the case of the acids, which owe their 
conducting power entirely to the action of the solvent, the inflexion 

* ‘ Leit\ ermogen der Electrolyte,’ pp. 116-123 and 195--109. 
f * Ann. Phys. Chem,,’ 1890 [iii], toI. 41, pp. 259-2S7. 
t ‘Jour. Chem. Soc.,’ toI. 81, p, 953, August, 1902. 
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lies below 0" j in the case of the alkalies our own experiments have 
shown that the curves, which have usually been represented as 
straight lines or flat parabolas, all exhibit inflexions, in the case of the 
alkalies, LiOH, NaOH and KOH at about 40“, and in the case of the 
alkaline earths, Ca(OH) 2 , Sr(OH)o and Ba(OH) 2 j a^t about 25® ; in the 
case of the less highly ionised salts, such as magnesium sulphate, the 
inflexion also lies below 100®, but in the case of salts such as potassium 
chloride, which have a high coefficient of ionisation in solution and are 
also electrolytes ^er se in the fused state, the inflexion lies above the 
boiling-point of the solution.] 


“ On the Measurement of the Bactericidal Power of Small Samples 
of Blood under Aerobic and Anaerobic Conditions, and on the 
Comparative Bactericidal Effect of Human Blood drawn off 
and tested under these Contrasted Conditions.’' By A. E. 
Wbight, M.D., Professor of Pathology, Army Medical School, 
Netley. Communicated by Professor J. E. Bradford, F*E.S. 
Eeceived April 7, 1902. Keceived in revised form August o, 
1902. 

Section I . — Method of Measuring the Bactericidal Power of the Blood 
under Ordinary (^Aerobic) Conditions, 

As a preliminary to placing on record certain observations made in 
connection with the bactericidal power of human blood, I propose to 
describe in detail the technique which has been elaborated by me with 
a view to carrying out these and similar investigations. 

A measurement of the bactericidal power of the blood involves in 
the fimt place a standardisation of bacterial culture employed. 

I. Standardisation of the Bacterial Culture employed, 

A standardisation which would seem to satisfy all practical require- 
ments can be achieved {a) by employing in the course of a series of 
experiments one and the same stock of bacteria ; (6) by employing in 
each experiment a young {e,g., a 24 hour old) culture ; (c) by determin- 
ing in each case the number of living bacteria contained in a measured 
volume of that culture. 

The determination last mentioned* involves — first, the making of a 

* (Added 3.8.Q2.) Where, in lieu of the number of living bacteria, the total 
number of bacteria in a culture is to be determined, this can be directly deter- 
mined under the microscope by the method I have described in the * Lancet ’ of 
July b, 1902. 
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measured dilution of the culture (in the case of an ordinary bacterial 
culture, dilutions of 1,000,000 fold to 10,000,000 fold are appropriate), 
and, secondly^ the transference — with a ^ 

view to the subsequent enumeration of 
the colonies which develop — of a series 
of measured volumes of the diluted cul- 
ture to the surface of a solid nutrient 
medium. 

The processes of diluting and measur- 
ing off the desired volumes of diluted 
culture can be conveniently and unlabo- 
riously carried out by means of the dilut- 
ing pipette figured below. (Fig. 1). 

(1.) Method of making and calihrating the 

“ Diluting DifeiteP ao - 

(a.) A piece of glass tubing about „ 

15 cm. long is drawn out at one end into * 

.a capillary stem. ^ 

(/a) a standard 5-cm. pipette is fitted 
•with a rubber teat,* and is then filled in ^ 
up to the calibration mark with mer- 
cury. The 5 cm. of mercury is now trans- 
ierred from the capillary pipette to the 
wide end of the glass tube, and is made 
to enter the upper portion of the capillary stem. 

(c.) When this has been effected, the points corresponding to the 
upper and lower ends of the mercury column are marked off on the 
outside of the capillary stem with a coloured pencil, preferably one of 
the oil pencils sold for writing on glass. 

(d) The mercury column is now displaced downwards until the 
upper end of the column stands opposite the lower of the calibration 
marks. This point is again marked off with the coloured pencil. 

(e.) By a similar procedure, three more marks indicating divisions 
►of similar value are placed on the outside of the capillary stem. 

(/.) This done, the tube is filed and broken off at the lowest mark. 
(^.) It will now be convenient to divide the lowest 5-cm. division 
■into two divisions of 2-5 cm. This can bo conveniently effected by the 
-following method of trial and error : — Mercury is drawn up into the 
tube until the upper limit of the column of metal stands as mearly as 
possible midway between the orifice and the first 5-cm. division mark. 
The point corresponding to the proximal end of the mercury column 

* A mechanically controlled teat, such as that made by Mr. A. E. Bean, jun.^ 
*73, Hatton G-arden, E.C .,43 a conyenient form to employ for this purpose. 

F 2 
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may now be* tentatively indicated on the outside of the capillary stem by 
a light pencil mark. This done, the column of mercury is displaced 
until its proximal end stands level with the 5-cm. division mark. If 
the distal end of the mercury column now coincides with the tentative 
subdivision mark, this last gives the desired 2-5-cm. division. If it 
does not coincide, the desired point will be situated half-way between 
the point now indicated by the proximal extremity of the mercury 
column and the point indicated by the original trial subdivision 
mark. 

(A.) What has been achieved up to this point is a graduation of the 
capillary stem into five divisions of 5 cm., and a subdivision of the 
first of these into two 2-5-cm. divisions, k further process of gradua- 
tion in terms of 25 cm. is now taken in hand, with a view to finding 
the points corresponding respectively to 225 and 250 cm. 

(z.) For this purpose a rubber teat is placed upon the upper end of 
the tube, and a negative pressure having been established, the capillary 
stem is filled up to the 25-cm. nwk with mercury, water, or a coloured 
fluid. It is then filled in succession with eight further 25-cm. volumes, 
the 25-cm. volumes being in each case spaced off from each other by a 
bubble of air. After these air bubbles have risen to the surface in the 
wide upper portion of the tulie, and the separate volumes have here- 
luiited to form a single body of fluid, a mark is placed on the outside- 
of the tube to indicate the 225-cm. point. An additional 25-cm. volume 
of fluid is now introduced, and the point corresponding to 250 cm., 
is similarly registered. 

These last marks, be it noted, serve only for the provisional gradua 
tion of the tube. 

(/.) With a view to achieving a more accurate graduation, the- 
portion of the glass tube between the 225 and 250 cm. graduation 
marks is fused in the blow-pipe flame, and is drawn out into a short- 
thick capillary tube such as will admit of a more accurate calibration. 

{k.) The calibration in terms of 25 cm. is now repeated, and the 
points corresponding to 9 and 10 multiples of 25 cm. are now finally 
marked off on the narrow portion of the tube. 

(L) A safety chamber is formed on the upper part of the tube, the 
wide end of this last being carried round at right angles to the stem 
to allow of more convenient manipulation. 

(m.) Lastly, the pencil marks are carried round the whole circiim- 
ference of the capillary tube, and they are fixed upon the glass l)y 
passing them through the flame, 

(2.) Method of emjfioying the CajpiUary-diluting Pipette, 

By means of a diluting pipette fitted with a rubber teat any desired 
dilution of the culture can be- obtained very unlaboriously. 
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A tenfold dilution of the culture — the dilution which* is perhaps 
most often required — is made by taking first* 25 cm. of the culture, 
and then, after the interposition of an air bubble, filling up to the 
250-cm. mark with sterile broth. It can also, and this avoids any 
contamination of the sterile diluting fluid, be made by filling up first 
with 225 cm. of the broth, and completing up to the 250-cm. mark with 
the culture.- 

A sixfold dilution^ should such be required, would be obtained by 
filling in to the 250-cm. mark with sterile broth, and then completing 
with two volumes of culture, these last being isolated as before by 
intervening air bubbles. 

A fivefold dilution is obtained by filling in with two separate 25-cm. 
volumes of the culture, and completing up to the 250-cm. mark with 
sterile broth. 

A two and a halffold dilution would be obtained by filling in with 
four separate volumes of 25 cm., and completing up. to the 250-cm. 
mark with sterile broth. 

Dilutions of a different order can be obtained by filling in the 
•pipette as occasions may require with 2*5 or 5 cm. of culture, and then 
completing to 250 cm. with sterile broth. By this means dilutions of 
1 in 100 and 1 in 50 respectively can be obtained tino saltu. 

By a series of successive dilutions, made in each case after washing 
-out the pipette with boiling sterile water, any desired attenuation of 
the culture can be quickly arrived at. The dilution of 1 in 1,000,000 
ordinarily required for the purposes of enumeration will be obtained 
by three successive dilutions of 1 in 100. 

(3.) Method of Eliciting the Number of Micrchorganisms contained in the 
Diluted Culture. 

The required dilution of, let us say, 1 in 1,000,000 having been 
prepared, the pipette would, after sterilisation in boiling sterile water, 
be filled in with, say, three successive 10 cm. volumes of the diluted 
culture. A corresponding number of agar tubes having been taken in 
hand, the three 10 cm. volumes of diluted culture would be separately 
trajisferred to the surface of the nutrient medium, care being taken ir^ 
each case to spread out the fluid over as large an area of surface as 
possible. 

After incubation, the number of bacteria in each 10 cm. volumes of 
diluted culture would be deduced from the number of colonies which 
develop on the corresponding agar tube. 

After averaging the number of bacteria contained in the three tubes, 
the number of living bacteria contained in 1 c.c. of the original culture 
would be found by a simple arithmetical process. 
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II. Pfoceduree in connection with the actual carrying out of the 
* Bactericidal Estimation, 

In connection with the actual carrying out of the bactericidal 
estimation, we have to consider : — 

(1.) The collection of the sample of blood for examination. 

(2.) The preparation of a graduated series of dilutions of the 
bacterial culture. 

(3.) The special form of capillary-testing pipette required for the 
subsequent procedures. 

(4.) The method of employing the testing pipette just mentioned,. 
i:e., the method of mixing a series of measured volumes of serum with 
in each case an equal volume of the successive bacterial dilutions, and 
the method of determining the sterility or otherwise of the mixtures- 
after the serum has acted upon the bacteria for an appropriate 
period. 

(1.) Collection of the Sample of Blood, 

The quantity of blood required for an ordinary bactericidal estima-. 
tion need never exceed 1 c.c.* Much more than the quantity 
required can, in the case of man, readily be obtained by driving the 
blood into the pulp of the finger by winding a handkerchief round the 
digit, making a prick with a needle or spicule of glass, and then 
making pressure on the pulp. 

A convenient form of blood capsule is thfit figured below (fig. 2). 
The upper end of capsule, when drawn out in a peep flame or in the 
flame of a lucifer match, provides an aseptic pricker. When proceed- 
ing to collect the blood both this (A) and the end of the curved limb 
(B) are broken off. The blood then flows into the capsule, as shown 
in fig. 3, under the combined action of gravity and capillarity. When 


Fig. 2. Fig. 3. 



* Where only minimal amounts of blood are available, tbe difficulty can be got 
over either by the employing very fine capillary tubes or by mixing progressive 
dilutions of the sermn with one and the same dilution of the bacterial culture. 
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sufficient blood bas been collected, the upper portion of the capsule is 
gently warmed and the upper orifice is then immediately sealed up. 
As the air, which has been rarefied by warming, contracts, the blood 
is drawn up into the body of the capsule, leaving the orifice at (B) 
free for resealing. After the capsule has cooled, it is suspended by 
means of its curved arm in a hand centrifuge, and the blood is driven 
down by a few turns of the handle into a previously upper half of the 
capsule. It is now left at rest for a few minutes. When the serum 
begins to exude, the centrifuge is again brought into action. 

When the estimation is to be taken in hand, the neck of the curved 
bulb of the capsule is sterilised in the flame and is cut across with a 
stout pair of bone forceps, which has been sterilised in the same 
manner. 

Two further points in connection with sample of blood may appro- 
priately be considered. The first of these relates to the question of 
the necessity for aseptic precautions in drawing off the blood. The 
second to the question of the interval which may elapse between the 
drawing off of the blood and the bactericidal estimation. 

The blood should be drawn off with aseptic precautions. For this 
purpose the surface of the finger may be readily and effectually 
sterilised by moistening it with alcohol, and burning this off. 

Where results which are comparable among themselves are desired, 
the bactericidal estimations ought, in all cases, to be undertaken 
within a very few hours after the samples of blood have been with- 
drawn. Where samples of blood are tested immediately after with- 
drawal, and again after an interval of 24 hours, it is usual to find a 
notable diminution of bactericidal power in the second estimation. 


(2.) Privation of a Series of Gradmted DilutioTis of the 
Bacterial Culture. 

. It has already been indicated, but it will be well at this point clearly 
to bring out the fact, that in the method of bactericidal estimation here 
described, a series of measured volumes of undiluted serum are brought 
in contact with a series of graduated dilutions of the culture, the 
object being to determine what is the lowest dilution of the culture 
with which a complete bactericidal effect is exerted. 

The graduated dilutions of the culture which are required for this 
purpose, so far as they have not already been provided by the procedure 
undertaken in connection with the enumeration of the bacterial culture, 
would, at this stage, be prepared by the aid of the diluting pipette. I 
have found it convenient in the case of the typhoid bacillus to employ, 
in addition to the undiluted culture, in each case a 2 fold, 5 fold, 
10 fold, 25 fold, 50 fold, 100 fold, 1000 fold, 10,000 fold, and 100,000 
fold dilution. 
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The dilutions are to be held ready for use in a series of covered 
sterile watch-glasses. 

(3.) Description of the Special Form of Capillary Testing Pipette 
Employed in the Connection with the Method of Bactericidal Estima- 
tion here described. 

Fig. 4 shows the particular form of capillary testing^ pipette which 
has been found most suitable. The stem A — it will be noted 
that it is provided with a pencil mark — serves on the one 
hand as a measuring pipette for measuring off equivalent 
volumes of serum and bacterial culture, and on the other 
hand as a receptacle for the combined volumes of fluid during 
the period allotted to the action of the serum upon the 
c culture. 

The bulb B functions, in the first stage of the procedure 
described below, as a receptacle for the sterile broth aftei’- 
B wards used for testing the continued vitality or otherwise of 
the bacteria which have been exposed to the influence of the 
serum. In the second part of the procedure, the bulb of the 
pipette comes into use as a cultivation chamber. The bulb 
may conveniently possess a capacity of about 1 c.c. The 
^ spiral C* serves to prevent any access of contaminating 
bacteria to the interior of the bulb. 

(4.) Method of Employing the Capillary Testing Pipettes. 

The method of employing the testing pipettes is as 
follows : — 

A mark with the coloured oil pencil having been placed 
upon the capillary stem at any convenient point, say at a 
point 1 — 1-5 cm. from" the lower end, a rubber teat is fitted 
over the upper end of the tube. 

The point of the capillary stem is now broken off between finger 
and thumb, the lower portion is Sterilised in the flame, and the air is 
axpelled from the teat. 

Sterile broth, which has been placed ready to hand in a* covered 
sterile watch-glass, is then aspirated into the pipette until the bulb is 
about two-thirds full. 

The extremity of the capillary stem is now withdrawn from the 

It will be found that tbe introduction of the spiral avoids the necessity for the 
troublesome plugging of the tube with cotton wool and the subsequent sterili-a- 
tion process. The very simple trick of hand by which the spiral is made may bo 
readily learned by imitating the motions associated with the making of a similar 
spiral npon a stiff cord or a very pliable wire. 
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T>rotli, and the column of fluid which occupies it is allowed to run up 
very gently, so as to avoid any back lash, into the bulb. The inflow 
•of air is arrested as soon as the capillary stem is empty of fluid. 


(a.) Method of Meamrintj off ami Mixing together egual Volumes of 
Serum and Bacterial Cultures. 

The end of the capillary stem is now inserted into the narrow open 
•end of the blood capsule, which has been placed ready to hand in a 
perforated rubber bung or other convenient receptacle. The serum is 
allowed to flow in until it reaches the pencil mark. 

The orifice of the pipette is now raised above the surface of the 
^erum, and a bubble of air is admitted into the tube to- serve as an 
index for the next measurement. 

This done, the end of the capillary stem is carried over into a 
watch-glass containing the particular dilution of the culture which is 
to be dealt with in this particular tube. The culture is allowed to 
flow in until the bubble of air has just been carried past the pencil 
mark. 

The next procedure is to mix together the equal volumes of serum 
.and culture which have been measured off. This is effected by blow- 
ing these two volumes out upon the surface of a sterile watch-glass — 
.a pile of inverted sterile watch-glasses will for this purpose have been 
placed ready to hand — and drawing up and driving out the fluid 
.several times in succession. After a little practice* this can be quite 
easily achieved without driving the sterile broth down from the bulb 
*of the pipette into the lower part* of the capillary stem and there con- 
taminating it. 

The column of mixed serum and culture is to be drawn up into the 
middle region of the capillary stem as a preliminary to sealing the 
lower end of the tube. It will be found that when the column is left 
in this position, the intervening column of air which occupies the 
•upper portion of the capillary tube will effectually isolate the fluid in 
the bulb of the pipette for the mixture of serum and culture. 

The teat is now removed, leaving the spiral to guard the contents 
•of the tube against contamination, and the filling of the series of 
tubes with the remaining dilutions of the culture is proceeded with. 
When, the whole series of tubes has been filled in, these are placed 
upright in a test tube labelled with the date and the source of the 
serum. The serum is then allowed to exert its influence on the 
bacteria with which it has been brought in contact for a fixed period 
.at a fixed temperature. 

* Until practice shall Lave conferred sufficient control over the teat, it will he 
.advisable either to employ very fine capillary tubes or to provide a by-channel for 
the air by piercing the teat with a spicule of an extremely fine capillary tube. 
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I haye found it convenient to allow the serum to remain in contact- 
with the culture for a period of 18 to 24 hours at 37° 0. 

(b.) Method of Testing the Continmd Vitality or otherwise of the Bacteria 
which have been in Contact with the Serum, 

The sterile broth which has been filled into the capillary pipette 
furnishes, as we have seen, the means for determining whether the- 
bacteria which haye been brought in contact with the serum have or 
have not retained their vitality. If the serum has failed to kill the 
bacteria, this will be evidenced by the development of turbidity in the- 
broth which will follow upon the aspiration of the column of fluid in 
the capillary stem into the bulb of the pipette. If, on the other hand,, 
the serum has killed all the bacteria with which it has been mixed,, 
the nutrient broth will, under the circumstances, remain clear. 

The steps of the procedure are as follows : — 

The tubeshaving been taken in hand .singly, the lower portion of the- 
capillary stem is in each case drawn out, and after heating in a peep- 
flame, into the finest possible filiform tube. 

A condition of negative pressure is now established in the interior 
of the pipette .by fitting over its upper end a collapsed rubber teat. 
While carefully regulating this negative pressure by keeping* the’ 
finger and thumb in position on the teat, the finely-drawn-out end of 
the capillary stem is gently snapped across. The column of fluid will 
then be very quietly carried up into the bulb of the pipette. 

The determination of the continued sterility or otherwise of the- 
broth may generally be made after incubation by mere naked eye in- 
spection. Where a doubt arises either as to the existence of a growth, 
or as to the nature of the cultivation obtained, a drop of the culture 
may be microscopically examined or cultivated on nutrient agar. 


III. Method of Expressing the Besults obtained by the Method of Bactericidal 
Estimation here in question. 

The question which is investigated by the method described above 
is, as has been seen, the question as to what is the lowest dilution of 
the particular enumerated culture employed which is completely 
sterilised by digestion with an equal volume of serum. No attempt 
is made to determine what reduction in number of living bacteria,, 
and what subsequent increase occurs in the case of those tubes which 
are not completely sterilised. 

It is claimed that by narrowing down the issue, as is here done, we- 
escape from a fallacy which consistently arises in connection with 
estimations of bactericidal power arived at by a comparison of the^ 
* Vide note on previous page. 
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results of bacterial enumerations carried out at a series of successive 
intervals upon one and the same mixture of serum and culture. tThe 
fallacy just referred to comes in in connection with the circumstance 
that all evidence of a bactericidal effect exerted will be obliter- 
ated if the intervals between the successive enumerations happen 
to be such as to allow of the covering up of losses due to the bacteri- 
cidal action of the serum by a subsequent multiplication of the 
surviving micro-organisms. 

A further point which has been kept in view in designing the above 
method, is the importance of obtaining a simple numerical expression 
for the bactericidal power of the blood. 

Such a simple numerical expression is obtained by specifying the 
number of bacteria contained in 1 c.c. of the lowest dilution of the 
bacterial culture which is completely sterilised by digestion with an 
equal volume of serum. 

While a convenient basis for the comparison of the bactericidal 
power of a series of different bloods is thus provided, it must be under- 
stood that the expression just referred to is nothing more than an 
arbitrary formula expressing the bactericidal effect of the serum 
brought into application in the form of a 50 per cent, solution. 

If it is desired in any case to determine the bactericidal effect exerted 
by the serum in a practically undiluted condition, this can readily be 
achieved by making a graduated series of dilutions of the enumerated 
culture, using the serum itself as a diluent. 

In concluding this section it will perhaps not be amiss to point out 
that the method of bactericidal estimation here described may be 
employed not only for determining the bactericidal power of the bloody 
but also for determining that of any chemical antiseptic. 

) 

Section II . — Method of Measwring the Bactericidal Power of the Blood 
under Anaeivbic Conditio7is. 

The method of measuring the bactericidal power of the blood under 
anaerobic conditions which is here to be described, is similar to the 
method described in the previous section, except in so far as the 
technique is modified with a view to excluding the air from contact 
with the blood. 

Access of air is prevented by enveloping the blood in oil. 

It is essential that this oil should be absolutely neutral, first, because 
the presence of fatty acid might affect the bactericidal power of the 
serum by diminishing its alkalinity and by precipitating its calcium 
salts, and, secondly, because an oil containing fatty acids is emulsified 
when it is brought in contact with serum, nutrient broth, and alkaline 
fluids generally. Such an emulsification would interfere with that 
sharp separation of the oil from the enclosed fluids which is absolutely 



'64 Prof. A. E. Wright. On the Measnrement of [Aiig. 5,- 

essential to the proper carrying out of the technique described 
beldw. 

It will be well, therefore, to commence by describing the method 
adopted for the preparation of a fatty acid-free oil. 


Method adopted fm* obtaining a Fatty acid-free OiL 

The method I have employed is a modification of that which was 
•employed by the late Prof, E. Kiilz for obtaining a fatcy acid-free oil 
for experiments in connection with pancreatic digestion. 

The procedure will perhaps be most clearly described by detailing 
an actual experiment. 

300 c.c. of a cheap variety of table oil (cotton oil ?)* was introduced 
into a litre flask along with 150 c.c. of half saturated barium hydrate 
solution. These fluids were digested together at 60° C. on a water 
bath for three hours, the contents of the flask being well shaken up 
at intervals. 

After this time the contents had separated into three layers, an 
upper layer of more or less clear oil, a middle layer, about half an inch 
deep, of barium soaps, and a lower layer of barium hydrate solution. 

A drop of the supernatant oil was now tested by shaking it up in 
a test tube with some 0*25 per cent, sodium carbonate solution. Indi- 
cations of emulsification were quite absent. 

The contents of the flask were now poured upon a wet filter. After 
the lapse of a few minutes, when the barium hydrate solution had 
filtered through, a clean dry beaker was placed under the funnel, and 
the whole filter stand was placed in a warm chamber. By next morn- 
ing some 200 c.c. of . clear oil were found in the beaker, the barium 
soaps having been left behind on the filter. 

On shaking up the filtered oil with the sodium carbonate solution, it 
was found that this last showed a trace of turbidity. This turbidity 
was increased by breathing into the test tube and shaking ixp again. 

In view of this, the whole volume of oil was now shaken up with 
distilled water, and a stream of carbonic acid gas was led through. 
The water and barium carbonate precipitate were then separated from 
the oil by filtration. When the oil thus purified was shaken up with 
the sodium carbonate solution, this last remained absolutely clear, the 
globules of oil remaining distinct and coming up promptly to the 
surface. 

The fatty acid-free oil thus obtained is introduced into a stoppered 

* The experiment described above can be perhaps even more easily carried out 
•with, any of the stable animal oils which are sold for lubricating j5,ue machinery. 
Unstable oils, such'as olive oil, are unsuitable, inasmuch as these last are broken 
up and converted into soaps when digested, as described above, with the barium 
hydrate solution. 
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bottle and is kept skeltered from light. Before it is employed for the 
purposes described below, it is sterilised by heating to 140“ C. in a test- 
tube, and is each time re-tested by shaking up with the dilute sodium 
carbonate solution. 

Procedure adopted for oUaining from the Finger a Sample of Blood without 
allowing this to come in contact with the Exteft'nal Air, 

A receptacle for the blood is first provided by drawing out a test- 
tube to form such a “ thimble ” as is represented in fig. 5 (p. 66). 

The thimble is filled in with sterilised fatty acid-free oil, and is 
covered in with a sterilised cover glass. 

The ulnar aspect of a finger — preferably of the little finger of the 
left hand — is now sterilised by flaming alcohol. It is then punctured 
in two or three adjacent points by a fine spicule of glass. A clean 
handkerchief is wound round the digit, the tip of this last is immersed 
into the oil, and pressure is applied to the finger pulp. The blood as-- 
it emerges descends through the oil in the form of large globules. 

When pressure on the pulp ceases to yield blood, the finger is 
momentarily removed from the oil, the handkerchief is loosened and 
re-applied, the finger is re-immersed into the oil, and pressure is again 
made on the finger pulp. 

When a sufficiency of blood has been collected, a sterilised rubber 
test-tube cap is drawn over the thimble. This last is then placed in a 
hand-centrifuge, and the blood is, by a few turns of the handle, driven 
down to the lower narrow end of the tube. 

After allowing an interval of 10 minutes to elapse, the centrifugalisa- 
tion of the coagulated blood — the blood, it may be noted, invariably 
coagulates* — is taken in hand. The contents of the thimble will now 
arrange themselves into an upper layer of oil, a middle layer of clear 
serum, and a lower layer of blood corpuscles. 

With a view to ensuring the asepticity of the further procedure, 
the serum may now with advantage be separated from the oil in the 
thimble, which has been exposed to some risk of aerial contamination. 

Procedu/re fo7' the Separation of the Serum from the Oil in the Thimhle 

The procedure is as follows : — 

A series of three or four tubes, fig. 6, which are to function 
respectively as receiving and mixing tubes, are flamed, filled in wit^ 
sterilised oil, horizontally inclined, and placed ready to hand. A 
capillary testing pipette, similar to that figured (fig. 4) and described 

* (Added note.) The common text-book statement that coagulation is sus- 
pended when blood is collected under oil is, it maj be presumed, based on exp^^ri- 
ments undertaken w'tb oil containing free fatty acids. A decalcifieatlon of the- 
blood might under such circumstances result. 
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n the first section of this paper, is fitted with a rubber teat ; sterile 
oil is now aspirated into the pipette to replace the air in the capillary 
stem and the lower part of the bulb. When this replacement has 
been effected, the tip of the pipette is thrust down through the oil 
contained in the thimble into the layer of serum, and this last is 
aspirated into the pipette. When this has been accomplished, a little 


Fia. 6. 


Fia. 6. 


/. 




of the covering oil is drawn into the capillary tube to seal the lower 
orifice of the pipette. The serum, thus shut ofi‘ from contact with the 
air, is carried across into the first of the receiving tubes already 
spoken of, and is driven out into this under cover ot the oil. 

Another sterile testing pipette is now taken in hand, and the 
procedure is repeated in all its details, the serum being carried across 
from the first into a second receiving tube. 

Procedure Adopted for Measuring off Egical Volumes of the Serum and 

Culture^ and Mixing these withcmt Contact with the Air, 

♦ 

The next step is to mix the serum with the graduated dilutions of 
the bacterial culture. These dilutions will have been prepared* by 
diluting the culture with sterile broth, which has been previously 
boiled up in order to remove the contained air. 

The procedure by which the serum and the culture are mixed is 
^sentially the same as the procedure employed for transferring the 
seram from one vessel to another. The capillary pipette is first filled 
in with a sufficiency of sterile oil, secondly with serum up to the mark 
on the stem. Thirdly, a globule of oil is drawn in. 

Employing this globule of oil as a seal for preventing contact with 
the air— it will presently function as an index globule— the pipette is 

* They may, if desired, be prepared under oil and from cultures anaerobically 
grown under a coTering layer of oil. 
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< 5 arried across to the vessel which contains the culture, and is filled in 
with this last up to the mark on the capillary stem. 

Mixture of the serum and culture can now be effected either (a) in 
the pipette itself, or — and I owe this suggestion to my colleague, Major 
W. B. Leishman, E.A.M.C., — (b) in a mixing tube such as is shown in 
fig. 6. 

In the former case, oil in sufficient quantity to seal the lower end of 
the column of fluid is aspirated into the pipette, after the volumes of 
serum and culture have been measured in in the manner described. 
The contents of this tube are then cautiously drawn upwards uiitil the 
walls of the capillary stem fall away sufficiently to liberate the index 
globule of oil. This obstacle having been got rid of, a series of upwards 
and downwards displacements of the combined column of fluid will 
bring about the desired mixture. 

In the case" where a mixing tube is employed, the extremity of the 
capillary pipette is carried down to the floor of the mixing tube, and 
the contents are driven out under the covering seal of oil. They are 
then intermixed by alternately drawing them in and driving them out 
of the capillary stem, care being taken that the pipette is never 
emptied of oil. Lastly, the mixed fluids are carefully and completely 
reaspirated from the floor of the narrowed end of the tube, the inflow 
being in each case allowed to continue until a sufficient seal of oil has 
been carried in behind the mixture of serum and culture. As soon as 
this has taken place, the point of the pipette is withdrawn from the 
oil, and air is allowed to enter and occupy the lower third of the stem. 
Finally, the orifice is sealed in the flame. 

In filling in a succession of capillary pipettes from one and the same 
mixing tube, it will, as consideration will show, be advantageous to 
begin with the highest dilution, and to follow on in order with the 
lower dilutions. 


Procedure fen* determining the Atctericidal Effect exerted hy the Serum in 
the absence of Air. 

♦ 

The process of filling in the bulb of the capillary pipette with sterile 
nutrient broth — a process which is, in the case of the ordinary aerobic 
procedure described in the previous section, undertaken as a first step 
in the filling in of the pipette — ^is, in the case of the anaerobic pro- 
cedure, undertaken as the final procedure after the serum and the 
culture have been in contact for the desired period. 

It is carried out in the following way : — 

Sterile nutrient broth having been placed ready in a covered watch- 
glass, the capillary pipette which contains the highest dilution of the 
culture is taken in hand. A negative pressure having been established 
in its interior by fitting on a collapsed rubber teat, the lower portion 
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of the stem is passed through the flame of a peep-light in such a way 
as to heat it without allowing it to fuse and to collapse under the 
influence of the internal negative pressure. The sterilised extremity 
is now snapped off by plunging it while still hot into the nutrient 
broth. The inflow which takes place through the orifice thus pro- 
vided is arrested by the pressure of the finger and thumb upon the 
teat as soon as the cultivation chamber is about two-thirds full. 

The sealing up of the tube and the subsequent cultivations are 
carried out in exactly the same manner as in the case of the ordinary 
(aerobic) estimation described in Section I. 

Section III . — On the Bactericidal EffecU produced hj one and the w/fm 
Human Blood (a) Drawn off and Tested ly the Aerobic Procedure 
described in Section I ; and (b) Drawn off and Tested by the Anaerobic 
Procedure described in Section IL 

In view of the fundamental theoretical importance which attaches to 
the assumption that the bactericidal power of the blood is acquired 
only after withdrawal from the organism, and, in particular, after the 
disintegration of the leucocytes under the influence of air and contact 
with the wall of unoiled or unparaffined receptacles, it seemed 
important to reinvestigate the question ; I have therefore endeavoured 
to ascertain whether there is any constant and important difference 
between the bactericidal power of human blood (a) drawn off and 
tested by the aerobic procedure described in Section I ; and (h) drawn 
off and tes’ ed by the anaerobic procedure described in Section IL 

The results of this investigation are set forth below in tabular form, 
md it will be observed that while they are, of course, inconclusive on 
th#wider question of the derivation of the bactericidal substances of 
the serum, they would seem definitely to show that neither contact 
with the external air, nor contact with ordinary glass surfaces, exerts 
any important influence on the bactericidal power exerted by humati 
blood upon the typhoid bacillus and the cholera vibrio. 
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‘*The Colour-physiology of Higher Crustacea.” By Feederiok 
Keeble, M,A., Beading College, Beading, and B. W. Gamble, 
D.Se., Owens College, Manchester. Communicated by Pro- 
fessor S. J. Hickson, P.B.S. Eeceived July 16, 1902. 

(Abstract.) 

The following statement is a condensed summary of the results of a 
research into the form and physiology of the pigment-bearing organs; 
(ehromatophores) of certain Schizopod and Decapod Crustacea with 
especial reference to the effect of light on these organs and on these 
animals. The evidence for the statement will, appear in a full and 
illustrated form > in the Philosophical Transactions.” The Grant 
Committee of the Eoyal Society allotted £25 for this research. 

A. The Infitcence of Light 

• 1. ‘ Under the influence of light the secretory activity of certain 
organs is modified: an acid substance appears periodically in the 
“liver” and muscle: the appearance and disappearance of acid sub- 
stance in livfer and muscle coincides broadly with nocturnal and diurnal 
colour-change. 

• 3. In 4he progressive movements and orientations of the whole 
animal called forth by light, background is the most important factor : 
more powerful than change of light-intensity. By change of back- 
ground, black to white, the direction of a light-induced movement 
m^iy be, reyersed. 

, 3, The response of the chromatophore-pigments to light is two-fold : 
direct ; and indirect, through the mediation of the eye. The indirect 
response alone leads to an enduring redistribution of pigment. 

4. The ultimate effect of monochromatic light on pigment-movement 
is the same as that of white light. As with the latter, so with mono- 
chromatic light, background — white (scattering), black (absorbing), 
mirror (reflecting) — determines the nature and extent of the pigment- 
movements. In describing an effect of light, that light must be con- 
sidered in combination with its background. Neglect to do this must 
lead to erroneous conclusions. 

5. “ Eeaction to background ” is traceable to the eye, and is probably 
a consequence of an asymetrical distribution of retinal pigment brought 
about not by changes in the amount of light -falhng on the eye, so 
much as by changes in the way in which light falls on the eye. 

B. Tlie R61e of Pigments^ 

6. The phenomena presented by the pigments are not exhaustively 
explained by any “ protective ” hypothesis. 
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The chromatophores are centres of metabolic activity, and from them 
a nocturnal translocation of a blue substance takes place. There is 
evidence that this blue substance is produced from, and at the expense 
of, the diurnal chromatophore-pigments. The blue substance passes 
from the ehromatophore-centres, persists for a time in the body, and 
ultimately disappears. 

C. Mmyhologjj. 

7. The chromatophore-system of Mysidean Schizopods is built upon 
a common plan, of which the various genera and species present 
severally a constant modification. This system we call the primary 
chromatophore-system. To it the colour-pattern is due. 

8. Decapod Crustacea possesses a primary and a secondary system 
of chromatophores. The primary system appears in the embryo, is 
completed in the “ Mysis-^tB.gef and persists throughout life, but takes 
no part in colour-pattern. 

The secondary system arises in an early stage of development, 
increases in extent throughout life, and produces the colour-patterns of 
the adolescent and adult. 

9. The chromatophores of the primary system are profusely 
branched, few in numbers, segmentally arranged and centralised; 
those of the secondary system are sparsely branched, numerous, 
irregularly arranged and decentralised. 

D. Ilistologij, 

10. The chromatophores of Mysidse are multicellular organs. 
Those of the neural group are developed from the epidermis. Losing 
their connection with the epidermis they acquire a close relation with 
the central nervous system. The distribution of the primary 
chromatophore-system follows that of the ganglionic parts of the 
nervous system. 

11. The chromatophores of Decapods are plurinuclear connected 
structures ; their distribution is not confined to the ganglionic parts 
of the nervous system. 

E. Taxonoimj, 

12. The primary systems afford assistance in the determination of 
genera and species. By their aid, animals in early, as well as in late, 
stages of development may be diagnosed. 

F. Inheritance. 

13. The several adult coloim-patterns of Falcemon and Grangon are 
constant, and develop directly. The evidence tends to prove that 
both secondary and primary chromatophore-systems are inherited. 
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14. The adult colour-pattern of Hvppohjie cmnchii is constant, but 
develops indirectly. The adolescent possesses a special colour-pattern 
developed in large measure in relation with the primary system of 
the zoea. Both persist though concealed by the independently de- 
veloped adult pattern. 

15. In Eippolyte varianSj several adult colour-patterns occur. They 
develop indirectly. The primary system is the same in all. 

In the adolescent, three distinct colour-patterns arise : — barred,’^ 
'‘liner,’’ and “monochrome.” 

These may persist, becoming barred, liner, or monochrome adults. 

Or either “ barred ” or “ liner ” may, by developing superficial or 
deep chromatophores, become a monochrome. 

Or, by localised superficial developments either “ barred ” or “ liner ” 
may ^ve rise to a “blotched” adult colour-form, under which the 
adolescent pattern is hidden. 

The primary system is inherited : the adolescent colour-patterns are 
possibly inherited ; but inheritance is immaterial since the final goal is 
reached by any adolescent road ; that is, the adult colour-pattern of 
Hippohjte mrians^ is the result of environment. 


“ Observations on ‘ Flicker " in Binocular Vision.” By C. S. 
SHERRiNaTON, M,A., M.D., F.E.S. (Thompson-Yates Labo- 
ratory of Physiology, University College, Liverpool). Be- . 
ceived July 30, 1902. 

The connection between the physiological state and reactions of the 
two retinae right and left is close in many respects; this is true 
particularly and peculiarly for their areas that are conjugate in 
binocular vision, that is, which receive corresponding images of 
•objects perceived in the binocular field. The observations at basis of 
the following communication attempt to obtain further information 
regarding the nature of the tie between these retinal so-called “ identical 
spots.’* A practical aim was to measure by the “ flicker ” method of 
photometry any diiferenceof physiological luminosity existent between 
binocular and uniocular vision of a given illuminated object. 

An object intermittently illuminated gives, if the frequency of 
intermission be sufficient, a perfectly steady sensation. The succes- 
sive retino-cerebral reactions fuze into a continuous one as judged of 
by sensation. If the rapidity of intermission be less than the requisite, 
the sensation oscillates through lighter and darker phases. The transi- 
tion from the oscillating to the steady sensation and vice vers/l is 
sufficiently abrupt to form a transition point capable of fairly definite 
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fixation in time. It has been used in this enquiry as an index for 
noting the influence of the physiological state of a spot in one retina 
upon that of the “ identical ” spot in the other retina. A second index 
taken has been the visual “ brightness ’’ of the perceived image. 

Per the observations desired, it was considered important that 
extinction and re-illumination of the image occur ^oassu in the two 
eyes, with like speed, along a like direction in the retinal surface, 
and at “ identical spots.” It seemed also important to maintain per- 
ceptual singleness of the object seen, thus placing the “identical, 
spots ” in the most favourable condition for their co-operative identity. 
For this reason a steady and considerable degree of “convergence'^ 
of the visual axes was made one condition of the observations. The 
degree of focal accommodation of the eyes was arranged to correspond 
with the amour^ of convergence. Variations in the apertime of the 
pupil were excluded by wearing small artificial pupils. 

The illuminated object was arranged as follows. A small double’ 
sheet of thick “ milk ” glass was illuminated by a candle-shaped, single- 
loop, incandescent electric lamp, with frosted glass front. The lamp 
was fed at rather above its intended voltage by accumulators unused 
during the experiment for any other purpose than the lighting of the 
lamp. The lamp was set in the axis of a rotating cylinder. In this 
latter were openings of appropriate size, different according to the 
different requirements of the observation. The lamp was not fixed to 
the cylindrical screen. The milk glass was set close inside this screen.. 
Outside the moving cylindrical screen was a fixed cylindrical sci^een 
concentric with the revolving one. In the fixed cylindrical screen four 
•circular holes were arranged so that two were centred on the same 
horizontal line, and of the other two, one was centred as far above the 
left-hand hole of the previous pair as the second was below the right- 
hand member of the pair. These holes were viewed from a distance 
such that when the line of the visual direction of the left eye passed 
through the centre of the lower left hole it met at the axis of the 
cylindrical lantern, the line of visual direction of the right eye passing 
through the centre of the upper right-hand hole. A blackened vertical 
screen cut off from the left eye all view of the right-hand holes, and 
from the right eye all view of the left-hand holes. A pair of w^eak 
prisms with base-apex line vertical sufiiced to bring the images of the- 
right-hand and left-hand holes to the same levels. The images then 
immediately fused under convergence. Gross horizontal and vertical 
wires across the component holes served to certify binocular or 
monocular vision to the observer. When the four holes were all 
allowed to contribute images they were seen by the observer as two- 
small evenly-lighted discs, one vertically above the other, with a 
delicate cross-line on each. Any one of the holes could be separately 
screened out of vision. 
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The spindle of the revolving cylindrical screen carried a step-pulley. 
From this a cord ran to a step-pulley fixed on the spindle of a small 
electromotor. The speed of running of this motor was controlled by 
a set of coil resistances, which formed a coarse adjustment, and by a 
fluid resistance in a trough 1 metre long, with a sliding electrode ; this 
formed a fine adjustment. The speed of rotation of the cylindrical 
screen was recorded by marking the completion of each revolution of 
the spindle carrying the screen by an electro-magnetic signal writing on 
a travelling blackened surface. On the same surface the time was 
recorded by a writing clock marking fifths of seconds. 

The observations required an operator to manage speed of motor, 
registration of time and revolutions, &c., and an observer who, seated 
in a dark compartment, gave his attention to the watching of the illu- 
minated discs. 

The shutters of the rotating cylindrical screen could be arranged so 
that the illumination of a retinal spot in one eye could be varied in 
time and intensity synchronously or asynchronously with that of the 
conjugate spot of the other eye. Of various combinations examined, 
the following may be cited as outlining the evidence obtained. The 
discs may be referred to as disc A and disc B. 

Expenment 1. — When the disc A represents right retinal stimulation 
alone (Le., without left), the conjugate spot of the left eye remaining 
dark ; and when the disc B represents right retinal stimulation ■vnth 
coincident synchronous {Le., of synchronous phase) intermittent stimu- 
lation of the conjugate spot of the left retina ; the frequency, duration, 
and intensity of the light periods being alike 'at all the holes. 

Then, steady sensation is obtained from disc A at frequencies of 
intermission lower than those required for giving steady sensation from 
disc B. 

At speeds sufficient to give steady sensation at both discs, the disc B 
does not obviously differ in brightness from the disc A. 

Exp^rimeni 2. — ^TiTien disc A represents as before uniocular stimula- 
tion only, 

And when disc B represents intermittent right retinal stimulation, 
together with a stimulation yielding steady sensation from the con- 
jugate field of left retina. 

And when the steady sensation from left retina corresponds with an 
intensity of dight stimulus half that of the intermittent stimulus 
employed for the right eye, then the rate of intermission required for 
obtaining steady sensation from disc A is higher than that required for 
obtaining it from disc B. 

At speeds sufficient to give steady sensation for both discs, the 
disc B does not obviously differ in brightness from the disc A, 

Exjpetinwit 3. — The disc A representing uniocular vision as before. 

’ When disc B represents intermittent right retinal stimulation with, 
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in Slime way as in 2, continuous steady sensation from the conjugate 
left retinal spot, 

And when the intensity of that continuous sensation from left 
retina corresponds with an intensity of light stimulus more than half 
that of each stimulus employed in repetition for the conjugate of the 
right eye, 

Then the rate of intermission required for obtaining steady sensa- 
tion from disc A is higher than that required for obtaining it from the 
disc B. 

Of the two discs, seen under speeds sufficient to give steady sensation 
from both, disc B appears the brighter. 

Ep^periment 4. — The disc A representing uniocular vision as before. 

T^en the disc B represents intermittent right retinal stimulation, 
together with, in the same way as in 2 and 3, steady sensation from 
the conjugate left retinal spot, 

And when the intensity of that steady sensation from left retina 
corresponds with that due to a light stimulus of less than half the in- 
tensity of each member of the series of repeated stimuli employed for 
the conjugate spot of the right eye, 

Then the rate of intermission required for obtaining steady sensa- 
tion from disc A is higher than that required for obtaining it from the 
disc B. 

And of the two discs, both seen under speeds sufficient to yield 
steady sensation, disc A appears the brighter, unless the field offered 
to the left eye is given by closing that eye or otherwise screening with 
a homogeneous darkness. 

Experiim^d 5. — The disc A representing uniocular vision as before, 

And when the disc B represents intermittent right retinal stimula- 
tion, the intervals of intermission exactly corresponding with periods of 
illumination of the conjugate spot of the left retina, and the inter- 
mittent stimuli being equal in intensity and duration for both right 
and left conjugate spots ; 

Then the rate of intermission required for obtaining steady sensation 
from disc A is higher than that required for obtaining it from 
disc B, 

Of the two discs, both seen imder speeds of intermission sufficient 
to yield steady sensation, the disc B appears to be of a brightness not 
obviously different from that of disc A. 

Espmiment 6. — ^With disc A as before. 

When disc B represents intermittent right retinal stimulation, 
similar in every way to that applied to the conjugate of the left 
retina, except that its phases of light and shade precede or succeed 
those applied to the other retina by an interval of half a phase 
length. 

Then the rate of intermission required for obtaining steady sensa- 
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tion from disc B does not appreciably differ from that required to 
obtain it from disc A. 

Of the two discs, at speed sufScient to yield steady sensation, disc B 
does not obviousiy differ in brightness from disc A. 

Experiment 7. — When disc A represents the binocular combination 
described for disk B, Experiment 1, and the disk B is as described in 
Experiment 6, the rate of intermission required to obtain steady 
sensation from A. is higher than that required for obtaining it from B, 
but at speeds sufficient to yield steady sensation from both discs the 
two discs appear to be of equal brightness. 

Experiment 8. — With disc A, as in Experiment 7, and disc B, as 
described in Experiment 6, the frequency of repetition of stimulus 
required to yield steady sensation from disc A is slightly higher than 
that required to obtain it from disc B, but at speeds sufficient to 
yield steady sensation from both discs the two discs appear of equal 
brightness. 

Experiment 9. — With disc A, representing the binocular combination 
described for disc B in Experiment 5, and with disc B, as described in 
Experiment 6, the frequence of repetition of stimulus required to 
yield steady sensation at disc A is slightly lower than that required to 
yield it at disc B ; but at speeds sufficient to yield steady sensation 
from both discs, the two discs appear of equal brightness. 

The observations show (i) that Talbot’s law, unimpeachable (over 
a wide range of ordinary luminosities) for the single eye, is not ap- 
plicable to combined binocular vision, that is, that if the two eyes 
functioning together in binocular vision are considered as functionally 
to combine to a single organ, Talbot’s law does not hold good for 
that organ as it does for the single eye, right or left, (ii) That increase 
of luminosity of an intermitting image does not always necessitate 
increase of rate of frequency to extinguish its flicker ; and conversely, 
They also show that the “Feehner paradox” regarding binocular 
luminosity makes itself apparent under “ flicker ” examination as well 
as under brightness ” estimation. 

It seems that the physiological sum of two luminosities perceived 
through conjugate retinal areas is of a value intermediate between 
the individual values of the two component luminosities. 

Among experimental difficulties incident to the experiments may be 
mentioned the increased perception of flicker under paracentral as com 
pared with central locus of stimulus on the retina, as noted by Exner 
and by Charpentier, Interesting experimental difficulties were also 
occasioned by the reciprocal and often antagonistic influences exerted 
by one retina upon another in ways studied and described recently by 
Dr. W. McDougall,* 

It was further observed that binocular colour mixture did not seem 
* ‘ Mind/ 1901. 
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to be either rendered easier or impeded when the components were 
applied by alternating right and left stimuli as compared with the 
method of applying them by coincident right and left stimuli. 


On the Influence of the Prolonged Action of the Temperature 
of Liquid Air on Micro-organisms, and on the Effect of 
Mechanical Trituration at the Temperature of Liquid Air on 
Photogenic Bacteria.” By Allan Macfadyen, M.D. Com- 
municated by Professor James Dewar, E.RS. Eeeeived 
August 2, 1902. 

In previous communications it was shown that an exposure for 
twenty hours and for a period of seven days to the temperature of 
liquid air (about - 190° C.) had no effect on the vitality of micro- 
organisms, whilst an exposure of ten hours to a temperature as low as 
that of liquid hydrogen (about -252° 0.) was likewise without an 
appreciable effect.* 

Further experiments have since been made in which the influence of 
the prolonged action of the temperature of liquid air on organisms 
was tested for a period of six months. 

The bacteria employed were non-sporing forms, viz., B, 

B. mli commwnis, and Staphylococcus pyogenes mreus, along with a Sac- 
charomyces. 

The bacteria were directly immersed in the liquid air, either on 
cotton-wool swabs enclosed in a perforated metal case, or on small 
loops of platinum wire. The yeast was washed and pressed, then 
wrapped up in rice paper, and directly exposed. 

^ Samples were removed and tested at various intervals up to six 
months. In no case could any impairment of the vitality of the 
organisms be detected. The fresh growths obtained were normal in 
every respect, and the functional activities of the organisms were 
unaffected. The typhoid bacillus retained its pathogenic properties, 
and responded typically to the agglutination test; the colon l)acillus 
exhibited its normal properties ; the Staphylococcus aureus produced pig- 
ment on solid and an active hsemolysin in fluid media, whilst the yeast 
exhibited its fermentative power unimpaired. 

The above experiments show that a prolonged exposure of six 
months to a temperature of about - 190° C. has no appreciable eftect 
on the vitality of micro-organisms. To judge by the results, there 
appeared no reason to doubt that the experiment might have been 
successfully prolonged for a still longer period. 

* ' Roy. Soc. Proc.,' February 1, 1900; ibid., April 5, 1900 ; ibid,, May 31, lOOO. 
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The ordinary manifestations of life cease at zero, but at - 190'* C. 
ywe have reason to suppose that intracellular metabolism must in addi- 
tion practically cease — as a result of the withdrawal of two of its 
•oardinal physical conditions, viz,, heat and moisture. It is difficult to 
form a conception of living matter under this new condition, which is 
•neither life nor death, or to select a term which will accurately 
-describe it. 

In previous experiments it was found that the photogenic bacteria 
•preserved their normal luminous properties after exposure to the 
temperature of liquid air. On re-thawing, a rapid renewal of the 
photogenic properties of the cells occurred. The light is apparently 
.produced by a chemical process of intracellular oxidation. The 
feasibility of triturating micro-organisms at the temperature of liquid 
.air has now been experimentally established in the case of the typhoid 
bacillus and other bacteria.* The effect of such mechanical trituration 
.at the temperature of liquid air on the luminous properties of the 
photogenic bacteria has now been tested. The experinients have 
shown that the effect of such a trituration is to abolish the luminosity 
cof the cells in -question. 

This points to the luminosity being essentially a function of the 
iliidng cell, and dependent for its production on the intact organisation 
‘Of the cell. 

I am indebted to Professor Dewar for valuable suggestions, and to 
J\Ir. Sydney Eowland and Mr. J. E. Barnard for their assistance in the 
experiments, which were carried out at the Jenner Institute of Pre- 
ventive Medicine. 


‘‘‘ An Intracellular Toxin of the Typhoid Bacillus.^’ By Allan 
Macfabyen, M.D., and Sydney Eowland, M.A. Commu- 
nicated by Lord Lister, F.E.S. Eeceived August 14, 1902. 

The existence of a specific toxid. produced by the typhoid bacillus 
Oias hitherto not been demonstrated, although it has been assumed by 
.analogy with other organisms and by reasoning from the clinical 
course of the disease. 

Such a poison must either be intracellular or extracellular. 

That it does not exist in filtered cultures of the organism is the 
common experience of bacteriologists. Its absence from such cultures 
.might be due, however, to unsuitability of the soil used for growing 
the organism. 

* The Intracellular Constituents of the Typhoid Bacillus,” AUan Macfadyen 
4 bnd Sydney Howland, ‘ Centralhlatt £. Bakteriologie,’ voL 30, 1901, No. 20. 
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Accordingly the first step in the search for the body in question 
consisted in substituting for the usual broth and peptone media^ 
culture fluids approaching more nearly in constitution the natural 
body soils which clinically support the growth of the bacillus. For 
this purpose, the organism was grown on the actual intracellular* 
juices of the following organs and tissues obtained in a fresh condi- 
tion from the ox or calf : — 

Intestinal mucous membrane, mesenteric lymphatic glands and 
spleen. In each case the intracellular juice was brought to the requi- 
site degree of alkalinity and used as a culture soil under the following* 
conditions : — 

1. Aerobically. 2. Anaerobically. 3. With addition of normal 
human serum. 4. After heating to 55“ C. for 20 minutes. 

After from 4 to 6 weeks’ growth the organisms were filtered off and 
the filtrate tested for toxicity in guinea-pigs. With the possible^ 
exception of one spleen juice, none of the fluids thus obtained ex- 
hibited any acute toxic power. It thus became necessary to search 
within the typhoid organism itself for the missing toxin. For this 
purpose the organisms were grown on ordinary beef broth agar, and 
after careful washing with distilled water were disintegrated in a. 
mechanical contrivance at the temperature of liquid air ( - 180“ 0.) 
This course was taken to satisfy the conditions that — (1) No chemical 
change should take place during the disintegration, and (2) The 
organisms could be disintegrated alone, without the addition of any- 
triturating substance, the necessary subsequent removal of which 
might vitiate the composition of the resulting mass. If such, a dis- 
integrated mass be freed from whole bacilli (if present) and from other- 
^si^pended insoluble particles by centrifugalisation, an opalescent fluid 
results, which on inoculation into animals in small doses invariably 
proves toxic or fatal. It is therefore concluded that the typhoid 
bacillus contains within itself an intracellular toxin. 

The typhoid cell juices obtained by the above method are being 
examined for immunising and other properties at the Jenner Institute- 
of Preventive Medicine, where the above investigations have been, 
conducted. 
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** The Fracture of Metals under repeated Altei’uations of Stress/* 
By J. A. Ewikg, LL.D., F.E.S., Professor of Mechanism and 
Applied Mechanics in the University of Cambridge, and 
J. C. W. Humfbey, B.A., St. John*s College, Cambridge, 1851 
Exliibition Eesearch Scholar, University College, Liverpool. 
Eeceived August 11, 1902. 

(Abstract.) 

The paper describes an investigation by means of the microscope of 
the process by which iron becomes “ fatigued ” and breaks down when 
subjected to repeated reversals of stress, as in Wohler’s experiments. 
It is shown that although the greatest stress is much within the limit 
of elasticity (as determined by the proportionality of strain to stress 
in an ordinary tensile test), it produces rupture after many reversals. 
The first visible effect is the production of slip-bands here and there- 
on individual crystals. These gradually become more numerous: 
they also become accentuated and broadened and their edges turn 
rough and burred, apparently as a result of grinding of one surface on 
the other over the plane in which slip has occurred. At a later stage 
certain of the slip-bands dWelop into cracks, whose existence can be 
demonstrated by repolishing the specimen, when the slip bands which 
have not opened into cracks are obliterated, but the cracks remain 
visible as actual fissures. As the process of reversals goes on, the 
cracks spread from crystal to crystal, and fracture ensues. In the 
particular material dealt with, Swedish iron, having an elastic limit in 
tension of about 13 tons per square inch and a breaking strength of 
23*6 tons per square inch, it was found that a stress not exceeding 
9 tons per square inch, when reversed some millions of times, was- 
sufficient to develop cracks and to bring about the fracture of the 
piece. Stresses of 8 and even 7 tons per square inch were found to- 
develop slip bands which would probably turn into cracks under a 
sufficient number of reversals. The paper is illustrated by micro- 
photographs taken at various stages of the destructive process- 
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“On Changes in Elastic Properties produced by the sudden 
Cooling or ‘Quenching’ of Metals.” By James Mtjir, B.A., 
D.Sc., late 1851 Exhibition Science Eesearch Scholar. Com- 
municated by Professor Ewing, E.E.S. Eeceived August 11, 
1902. 

(Being part of a Thesis submitted for the degree of Doctor of Science, GHasgow 

University.) 

It is well known that when steel is quenched from a red heat, its 
elastic properties suiFer a profound change, the material becomipg 
extremely hard and brittle. It is also known that quenched steel, 
when tested under tension, exhibits no distinct yield-point, Hooke’s 
law is departed from quite gradually until abrupt fracture occurs at a 
high stress. The effect produced on copper by quenching has been 
considered, at least in some respects, the reverse of that produced in 
steel. The experiments to be described in this paper, however, show 
that with mild steel, soft iron, copper, zinc, aluminium, brass, and so 
probably with all metals, quenching from high temperatures produces 
effects which are analogous to one another; in all cases there is a 
marked loss of elasticity produced by quenching, low loads producing 
appreciable permanent extensions or “ sets.” 

The method of experimenting need not be described in detail here, 
as it was identical with that described in the paper by the present 
author on ‘‘The Tempering of Iron hardened by Overstrain.”* The 
new 5-ton testing machine of the Cambridge Engineering Laboratory 
was however employed for many of the experiments in preference to 
the large 50-ton gun machine pre^dously used. Small strains of exten- 
sion and of compression were measured by instruments of Professor 
Ewing’s design — extensions by means of the 4-inch extensometer 
illustrated on p. 2, ‘ Phil. Trans.,’ A, 1902, compressional strains ]>y 
the instrument illustrated on p. 79 of Professor Ewing’s book on “ The 
Strength of Materials.” The heating of the specimens was obtained 
by means of the gas furnace used in the earlier experiments on temper- 
ing after overstrain, temperatures being measured by a Oallendar’s 
direct-reading platinum resistance pyrometer. The hot specimens 
were “quenched” by plunging them vertically into a large tank of 
cold water. 

The results to be recorded in this paper may be gathered from an 
examination of the accompanying series of diagrams. The diagrams 
give with one exception (Diagram 4) the results of tension tests, and 
it need only be remarked that all the stress-strain curves have been 
“ sheared back ” in the manner suggested by Professor Ewing, and 

* ‘ Phil. Trans./ A, 1902, p. 1. 
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fuily described in a paper by the present author “ On the Eecovery of 
Iron from Overstrain.”* The amount by which the curves have been 
sheared back is marked at the foot of each diagram. Thus, in 
Diagram No. 1, y^ y^ ^^ths of an inch have been deducted from the 
extension of the 4-inch length for every 4 tons of stress. For 
example, the extensometer readings for stresses of 4, 8, and 12 tons 
per square inch were 120, 240, and' 360 respectively; the numbers 
actually plotted were 20, 40, and 60. The origin for the measurement 
of extensions has been displaced for the various curves of each diagram 
in order to avoid a confusion of the curves. 

Biagrcm No. 1 shows the elastic properties of an annealed specimen 
of mild steel The specimen was subjected to a series of tension tests, , 
the load in each test being carried just to a yield-point. Eecovery ,, 
from the overstrains produced by the passing of the successive yield- 
points was effected by heating the specimen to temperatures of from 


Biaqbam 2^0. 1. — (Mild steel-annealed.) 


tons/in^. 



Diameter of specimen — 0"*331. 

Lengtii under test = 4"*00. 

Fracture occurred at 40 tons per square inch original area. Extension (including 
all yield-points) = 0"’38 on 4 inches. 


200° to 250° C. The specimen broke at the fifth yield-point, the 
breaking stress being 42 tons per square inch, or about 40 tons per 
square inch taking the original area of the specimen. After the pass- 
ing of each yield-point the diameter of the specimen was of course 

^ ‘ Phil. Trans.,’ A, yoI. 193, 1899. 
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slightly reduced ; this was allowed for in the succeeding loadings, the 
load being always applied in tons per square inch of actual section. 

Dkigran No, 2 shows the elastic properties of the same steel after it 
had been heated to 500°, to 650", and to 700" 0., and quenched in 
water at about 15" C. Each of the specimens employed was broken 
by a single continuous loading. Curves A and B show that quenching 
from 500" and from 650" G. had little effect on the elastic properties of 
the steel. The specimen from which Curve B was obtained had been 
more thoroughly annealed before quenching than Specimen A, and 
this may account for the lower breaking load and greater ultimate 
extension obtained with Specimen B, although all the specimens 
employed were primarily annealed. Curve C shows that a marked 
change was produced in elastic properties by quenching from 700" d. 



tons/in^. 



Extenshna diminished by inch for every \ 

4 tons of stream 

SceLle^lUnia^ skb ^ of tin inch 

Biameter of Specimens A, B, and 0 = 0"’37. 

Lengths under test = 4'"‘00. 

The material after quenching showed no range of elasticity. Hooke’s 
law was departed from gradually from the lowest loads till ultimately 
fracture occurred abruptly at the high stress of 52 tons per square 
inch. The ultimate extension was only 0"*10 on 4 inches. 
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Diagram No. 3 shows the effect produced on the elastic properties of 
Lowmoor iron by quenching from 700° C. Curve A was obtained 
•from an annealed specimen of the material. • A very clearly defined 
yield-point is shown at the stress of 33,000 lbs. per square inch. After 
the yielding at the yield-point had spread throughout the specimen, 
the load was steadily increased until fracture occurred at the stress of 
50,300 lbs. per square inch. The extension produced was 0"‘95 on 
4 inches, neglecting all the local extension which occurred at the point 
of fracture, or r'*23 including the local extension. 

Curve B, which was obtained from a specimen which had been 
quenched from 700° C., clearly shows the loss of elasticity produced 
by quenching. A curious recovery effect was noticed in this test. 
The load was applied until a stress of 30,000 lbs. was attained, and 


Diagbam Ko. 3.— (Lowmoor Iron.) 



Diameter of specimens A and B = 0''’44. 
Lengtli under test = 4"‘00. 


Specimen A. — Annealed at 750° C. Broke at 50,300 lbs. per square inch. 

Extension 0"*95 omitting, or 1"’23 including, local extension. 

Specimen B. — ^Heated to 740° C., slowlj cooled to 700° C., and then quenched in 
* cold water. Broke at 61,300 lbs. per square inch. 

Extension 0"*61 omitting, or 0"*88 including, local extension. 
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was then removed. The contraction which occurred on the removal 
of the load was almost perfectly elastic. Had the load been imme- 
diately replaced, the material would have shown perfect elasticity up 
to the stress of 30,000 lbs., but immediately the load was increased 
beyond this amount larger yielding would have occurred, and a smooth 
continuation of Curve B would have been obtained. The specimeir 
was, however, allowed to rest for about ap. hour before the load was 
replaced and increased. This rest proved to have a comparatively 
large effect, the material showing very perfect elasticity up to the- 
stress of 34,000 lbs. per square inch. At this stress a partial yield- 
point was exhibited (represented by about 6 units of extension on the- 
diagram), and on increasing the load gradual extension was produced, 
until ultimately fracture occurred at the high stress of 6,1,300 lbs. per' 
square inch. The ultimate extension is marked at the foot of the 
diagram, and was less than that obtained with annealed material. 

It may be recorded that another specimen of this Lowmoor iron was 
quenched from 700“ 0., but, before testing, this specimen was re-heated 
to about 200“ G. in order to see if any appreciable return to tht elastic 
condition illustrated by Curve A, Diagram 3, would be obtained. 
The behaviour of the specimen was more nearly elastic for low loads 
than is shown by Curve B, but all the main features of Curve B were- 
corroborated ; gradual departure from Hooke’s law was obtained until 
fracture occurred at 61,500 lbs. per square inch, the extension being 
0"-54 on 4 inches omitting, or 0"‘9 including, local extension. 

Before leaving the consideration of iron and steel, the effect pro- 
duced by quenching iron, as illustrated by compression tests, may next 
be considered. 

Diagram No. 4 shows by a comparison of two compression curves 
the change in elastic properties produced by quenching mild steel from 
a red heat. Specimen A, was a short annealed block of mild or 
semi-mild steel; the diameter of the specimen was r’T56 and its 
length 1|- inches. The compression insti'ument employed enabled the 
contraction on a length of 1 J inches to be measured to the 
an inch. Curve A shows that the annealed material was elastic up to* 
the stress of 21 tons, but 23 tons per square inch had to be applied 
before really large yielding occurred. A tension test of this material 
showed a well-defined yield-point at 22J tons per square inch. 

Specimen B was exactly similar to Specimen A, but the material in 
this case instead of being annealed was heated to redness and quenched 
in cold water. Curve B shows the marked loss of electricity produced 
by the quenchi|ig. The rounding of Curve B at the two points where- 
the load was removed is probably to be accounted for by experimental 
errors of the nature of back-lash in the testing machine or compression 
instrument. 

Duigram No. 5 illustrates the results obtained by experiments with 
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copper rods. Curve A of that diagram was plotted from a tensile test 
made with the material in the condition as supplied. Curve B shows 
the elastic properties of the material after it had been heated to 630° C., 
and allowed to cool slowly, while Curves Ci, Ca, and Cs show the effect 
produced by quenching the copper from 500° 0., from 650° 0., 
and finally from 600° 0. Specimen B showed more perfect elastic 
behaviour for low loads than Specimen A, but large extension is shown 
by Curve B to have occurred earlier with the annealed material. 
Specimen C was first heated to 500° C., and quenched in cold water. 

N'o. 4. — (Mild steel under compression.) 


tons/m* 



Cofir&otiom diirmshedh^^^ss^ of&nmch for&^fety 4 ta/73) 
SoaJ,e:-lUnit=^^qfaninch.£L-d-^. ofstressi 

Specimen A. — Annealed. 

„ B. — Quenched from a red heat. 

Diameter of specimens — I* 16 inches. 

Total length = inches. 

Contraction measured on li inches. 

Curve Cl was then obtained by applying and removing a load of 
15,000 lbs. per square inch. The specimen was next quenched from 
550° C., and Curve C 2 shows the slightly greater loss of elasticity 
which was thus produced. Curve C 3 shows the large effect caused 
by quenching the Specimen from 600° C. The breaking stresses 
obtained with the three specimens were 35,300, 33,500t and 32,300 lbs. 
per square inch of original area. These stresses were equivalent 
to 41,600, 40,800, and 44,200 lbs. per square inch, when allowance 
was made for the diminutions in area due to the large extensions 
of the specimens before fracture. These corrections were made by 
VOL. LXXI. H 
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calculating the reduced areas from the extensions obtained (omitting 
the local extensions at points of fracture) and neglecting the small 
changes in density which are known to be produced by stretching. 
Copper thus resembles iron and steel in having its breaking stress 

Diaobam No. 5.— (Copper.) 


J ipooLbs/in^, 



Biameter of specimens =* 0"*37. Lengtk under test = 4"'00. 

Specimen A. — Ck)pper as supplied. Broke at 35,300 lbs. per square inch original 
area, or after an actual stress of 41,600 lbs. per square inch had 
been applied to the bar. Extension on 4 inches, 0'''74 omitting, 
or 1''‘04 including, local extension. 

Specimen B.— Heated to 630° C. and slowly cooled. Broke at 33,500 lbs. per 
square inch original area, qr 40,800 lbs. per square inch actual 
stress. Extension on 4 inches, 0"'87 omitting, or 1"'25 including) 
local extension. 

Specimen C. — Quenched from 500°, 550°, and then from 600° 0. Broke at 32,300 lbs. 

per square inch original area, or 44,209 lbs. per square inch 
actual stress. Extension on 4 inches, 1"*50 omitting, or 
inclnding, local extension. 

incres^ed by quenching, but differs from iron and steel in giving a 
greater extension before fracture when in the quenched condition. 
The abrupt yield-point which is so striking a feature in the testing of 
annealed iron and steel, is not exhibited with copper. The ultimate 
extensions obtained with the three specimens of copper tested were 
0''‘74 on 4 inches with A, 0"-87 with B, and T'-SO with 0, omitting 



1902.] prodmed^ hy the mddm Cooling of Metals. 87 

the local extensions at the points of fracture, or r'*04, 1"*25, and 
r'*98 respectively including the local extensions. 

Diagrams Nos. 6 and 7 may now be given without comment. They 
illustrate tests made with brass and aluminium, and it is shown in 
both cases that there is a loss of elasticity produced by quenching. 
When the quenched material has been once loaded it is brought 
approximately into the elastic condition, so that from a removal and 
reapplication of load a straight stress-strain curve is obtained. 


Diaoeam No. 6. — (Brass.) 



Diameter of specimens =* 0"*44. Length under test = 4"*000. 

Specimen A. — Brass as supplied. Brote 4 times in macliine grips at about 

48.500 lbs. per square incb. Extension from 0"‘87 on 4* inches 
after the first break to 1"*68 after the fourth. 

Specimen B. — Brass quenched from 600° C. (Bi) and from 700° (Bg). Broke at 

42.500 lbs. per square inch after two breaks in the machine grips 
at slightly lower stresses. Extension, 1"*33 on 4 inches. 

Three specimens of zinc, of diameter 0''*40, were also tested. The 
first — in the condition as supplied — broke at 21,000 lbs. per square 
inch, the ultimate extension being 2"*04 on 4 inches. There was great 
local extension, the specimen being drawn to a very narrow neck 
before fracture. The second specimen was quenched from 350** 0. 
It yielded rather more for the lower loads than the first specimen, and 
broke at 20,500 lbs. per square inch with an extension of 0"’41 on 4 
inches. The fraetui*e was quite abrupt, so that there was little or no 
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local extension. The third specimen was heated to 350" 0., and 
allowed to cool in the air. The behaviour of this specimen was very 
similar to that of the quenched specimen. Eather less yielding was 
obtained at low stresses, fracture occurred at 21,400 lbs. per square 
inch, the ultimate extension was O'' *68 on 4 inches. The fracture was 
abrupt, so that there was practically no local extension. 

Two specimens of cast tin were also tested, but owing to the low 
melting point of tin quenching from 200" 0. could only be tried. The 


Diaq-eam No. '7. — (Aluminium.) 
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Diameter of specimens = 0"*35. Length tested — 4"*00. 

Specimen A, — As supplied. Broke four times in machine grips at 28,500 lbs. per 
square inch . Extension 0"*14 on 4 inches. 

Specimen B. — Quenched from 650® 0. Broke in the machine grips at 23j200 
lbs. per square inch. Extension 0"'9 on 4 inolios. 


quenched specimen showed rather greater extension at the lower 
stresses; both specimens broke at 5250 lbs. per square inch; the 
extensions were 0"’5 and 0"-8 on the 4-inch lengths, but local ex- 
tension occurred in several places before fracture. 

In conclusion, it is proposed to consider how far the effects produced 
by quenching described above may be accounted for by the stresses set 
up in the material by the sudden cooling and consequent contraction, 
the material, after quenching, being no longer in what has been termed 
its “ state of ease.” 

When a long cylindrical rod cools, the cooling takes place radially, 
»nd the end effects may be neglected. Taking any cross-section of the 
pod, the outside ring will cool first and assume its elastic state ; the 
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interior will then contract, and exert a radial pull on the outside 
solidified layer. This will put the material into . a state qf circum- 
ferential compression. If the tangential direction be called the direc- 
tion of X, the radial direction that of Y, so that the rod considered 
lies along the axis of Z, then the material in the outside layer of the 
quenched rod of metal is subjected to a compressional stress in the 
X direction. If a layer of material be considered at some distance 
from the outside it will be found to be subjected not only to a compres- 
sion in the X direction, but also to a tension in the Y direction. For 
the outside solidified layers are able to resist to gome extent the radial 
pull due to contraction, A particle of material at a point such as A 
will thus be subjected to stresse's p and t in the manner illustrated in 
the sketch. Going nearer the centre of the bar, the pull due to con- 
traction of the hot material may be more than balanced by the outward 
radial pull due to the solidified material which has settled down under 
radial tension, so there may be a resultant outward pull all round the 
layer considered, and a particle such as B will be subjected to a circum- 



ferential pull, t\ as well as a radial pull, t There will be, of course, a 
gradual transition from material in the one condition to material in the 
other. 

Further, the stresses induced by sudden cooling will probably be 
severe enough to overstrain many layers of material, and, except in the 
case of portions which have been overstrained when quite cool, recovery 
from overstrain will be effected, so that the material will be left in an 
elastic condition, hardened as regards the stresses in question, and not 
in the semi-plastic state typical of material which has been recently 
subjected to overstrain. 

Now it is well known that when metals are deformed they alter very 
little in volume, almost the whole strain is one due to change of shape. 
It is only necessary then to consider the shear stresses applied by the 
systems of stresses illustrated above at A and B, A pull {t or t) ig 
equivalent to a hydrostatic tension or \t) and two shear stresses in 
definite directions ; a push (_p) gives rise to a hydrostatic pressure 
and two shear stresses. A circumferential pressure (p case A) gives 
rise to the following two shears : — 
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1a, giving contraction in direction of X and extension in direction of Y, 

2a ,j 

A radial tension cases A and B) gives rise to tEe following two 
shears : — 

IaBj giving extension along Y and contraction along Z, 

2aB ff » ^ »> »> 

A circumferential tension case B) gives, rise to the following two 
shears : — 

1b, giving extension along X and contraction along Y, 

2b jt fy »y » » , 21. 

It is necessary then to consider what efFeet these shear stresses, 
induced by quenching, have on the behaviour of a bar subjected to a 
tension (T) or a pressure (P) in the direction of the Z axis. 

A pull, T, in direction of the Z axis gives rise to the following two 
shears ; — 

It producing extension along Z and contraction along X, 

2t r$ tj » 21 ,, ,, ,, Y. 

A push, P, along the Z axis produces the following two shears : — 

Ip giving contraction along Z and extension along X, 

2p jj rt jj 2< ,, „ ,, . 

Hi will thus be seen that the shear stresses induced in a bar of metal 
by sudden cooling have the effect of weakening certain layers of the 
bar as regards resistance to tension, and certain layers as regards 
resistance to compression. For the shear stress It is applied along 
the same series of parallel planes as the stress 2a, and although the 
stress 2 t is directly opposed by the stress Iab, the “ yielding ” of the 
material must be determined by its strength in the weakest direction. 
Similarly the stresses Ip and 2p are in the same directions as the 
stresses 2b, Iab? so that the loss of elasticity exhibited by quenched 
material both as regards tension and compression has been accounted 
for. It may, however, be desirable to consider a little in detail what 
ought to be the behaviour under tension of, say, a bar of iron which 
has been subjected to the system of stresses described above. At the 
commencement of the loading the stress due to the applied load will 
be uniformly distributed over the whole section, but as soon as a very 
toall load is appHed, a long cylindrical layer of material (A), which has 
been left by the sudden cooling under a stress of type 2^ very nearly 
equal to the “yielding” stress of the material, will yield. This yield- 
ing would continue to the enormous extent characteristic of a yield- 
point were all the material in the condition A' ; but the weak layer, 

! being surrounded by stronger material, the yielding is only allowed to 
continue to a very slight extent. This small yielding will, however, 
cause a redistribution of the internal stresses set up by quenching to 
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take place, and perhaps also a redistribution of the stress due to the 
applied load. This alteration in the distribution of the internal 
stresses must be such as to cause the surrounding strong layers to 
stretch elastically as far as the weak material has been permanently 
stretched. The alteration in the internal stresses will remain after 
the applied load is removed, as the material which has been perma- 
nently deformed will be unable to relieve the stronger material. The 
apparent permanent set which is shown with quenched material after 
the removal of applied load, may thus be due to the real permanent 
extension only of the weak layers, and to the elastic extension of the 
strong layers produced by the new distribution of internal stresses. 
This explanation, however, does not suffice, at least in the case of, 
iron and steel, to explain the behaviour of a quenched rod under 
applied stress, for Diagrams 2 and 3 show that such a r()d may be 
stretched further than is compatible with elastic extension — even 
supposing some of the iron to have been overstrained to the maximum 
in the most favourable direction, without stretching nearly far enough 
for the yield-point of the iix)n to have been passed. Hence in the case 
of iron and steel recourse must be had to the explanations which 
simply attribute the obseived effects to the formation of allotropic 
modifications of the metal, or to the changes caused by the transition 
of the carbon—always present — ^from one condition to another. 

In conclusion, it may be recorded that pieces of the iron and steel 
specimens used in this research were poHshed, etched, and examined 
under the microscope. In the case of the steel specimens the change 
from the ferrite and pearlite structure shown with the annealed mate- 
rial to the martensite structure shown with the quenched steel was 
very striking. But in the case of the Lowmoor iron no difference 
was detected by the microscope in the structures of the annealed and 
of the quenched specimens, although, as shown by Diagram 3, the 
elastic properties in the two conditions were vastly different. 


Harmonic Tidal Constants for certain Australian and Chinese 
Ports.’’ By Thomas Wright, of the Uautical Almanac 
Office. Communicated by Professor G. H. Darwin, F.E.S. 
Keeeived August 1, 1902. 

BalUna {Nm Scndh Wates)^ Prv/icess Eoyal Harbour (King Georgds 
Sound\ Newcastle {New South Wales\ Brisbane {Queensland)^ and 
Sydney {New South Wales). 

The tidal observations made at these five ports have been reduced 
by the aid of certain sums placed at my service by the Governipent 
Grant Committee of the Eoyal Society, and I am indebted to Professor 
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6. H. Darwin for the loan of the apparatus he devised to facilitate 
the summation of hourly tidal heights, and to the Hydrographer, Admi- 
ral Sir W. J, L. Wharton, who supplied me with the observations. 
The whole of the observations were reduced by the methods devised 
by Professor G. H. Darwin.* 

The observations made at the three first-mentioned ports were 
derived from copies of continuous diagrams made by automatic tide 
gauges; those at Brisbane and Sydney were times and heights of 
high and low water. The observations in every case extended over a 
period of about 1 year, and were almost complete. The breaks in the 
continuity of the observations were so short that approximate values 
could be easily inserted by interpolation with very small risk of error. 

From the automatic records at Ballina, Princess Royal Harbour, 
and Newcastle the hourly heights were read off to the nearest one-tenth 
of a foot. The range of the tide at these ports is small, and an 
attempt was made to use a smaller unit, one-twentieth of a foot. An 
experiment with one month’s observations showed, however, that the 
hourly and daily sums for the month differed very slightly, whether 
the readings were taken to the nearest one-twentieth foot or to the 
nearest one-tenth foot only. Besides, when the diagrams for two con- 
secutive days were placed end to end there frequently appeared to be 
a difference of at least one-twentieth of a foot between the end of one 
day’s curve and the beginning of the next day’s. For these reasons it 
was considered to be sufficient to work to the nearest one-tenth of a 
foot, and that length was adopted as the unit. 

The heights being read off, the method followed was exactly that 
described by Professor Darwin, except in one detail. The S sheet 
(that is, the sheet which is used for obtaining the hourly sums for the 
S tides) was not used. These sums were made on the sheets on which 
the hourly heights were entered from the diagrams. As in Professor 
Darwin’s method, the hourly sums were made in groups of days which 
could be built up into the 30-days’ period for the S tides and into the 
74-days’ period for the other tides. The daily sums were made through- 
out the year (they are required for the long-period tides). By forming 
totals of these daily and hmrly sums in appropriate groups they act ^ 
a cheek on each other, and the two sets of sums are settled. 

The hourly heights for the first 74 days were then entered on the 
strips, the strips were pinned to the M sheet, and the additions made. 
The total of the 48 sums was checked against a corresponding total 
made up from the daily s^s and the hourly sums for S. Agreement 
among these three totals is a check upon the copying on to the strips,' 
and also upon the sums for M. This slight modification of forming 
the sums for S from the original heights as read off from the diagrams 
saves one shifting of the strips, and, if all goes well and the totals- 
* ‘Boy. Soc. Proc.,’ vol, 48, pp. 277—340, and vol. 52, pp. 345-389. 



93 


1902 .] far certain Arntmlian and Ohwese forts, 

agree, it seems hardly necessary to check the entering on the strips. 
In all other respects Professor Darwin’s methods were followed exactly. 

As already stated, the observations made at Brisbane and Sydney 
were the times and heights of high and low water. They were 
reduced by Professor Darwin’s method. The observations were split 
up into four groups, each covering about one-fourth of a year. Each 
of these groups was separately reduced, and means of the four values 
of K and H for each tide was taken as the final constant. These 
separate values form a check on the work independently of the 
systematic method of verification which was adopted in each stage of 
the computation. In the case of the more important tides, the agree- 
ment among the four values is very close. In the case of some of the 
smaller tides the differences are somewhat greater, but not great 
enough to make any serious difterence in predictions based upon the 
constants. 

The constants for the five ports are given, with others, below. The 
small value of H (0T59 foot) for M 2 at Princess Eoyal Harbour gave 
rise to the suspicion that there was some error in the work. This 
value . is, however, borne out by the value of H for M 2 at Batavia 
(Java) given in the American Tide Table for 1900. Batavia is there 
quoted as a Standard Port for Reference'” for King George’s Sound, 
and the height there given is 0T54 foot, or only 0*005 foot different from 
that obtained for Princess Royal Harbour. Careful examination of 
the work showed, too, that the value given below is correct. 

Hong Kong^ Swatow, TVhampm^ CooMown, and Cairn^s Harbour, 

The constants for these ports have been deduced at various times 
during the past few years. Except in the case of some of the Hong 
Kong tides, constants for these ports have not yet been published, 
and the present opportunity is taken to include them with the 
others. 

The observations made at Hong Kong, Swatow, and Whampoa were 
from records by automatic gauges; those at Cooktown and Cairn’s 
Harbour were observations of times and heights of high and low 
water. They were reduced by the same methods as the observations 
at the other five ports. The observations for the Chinese ports were 
kindly supplied by the Chinese Customs authorities ; those for Cook- 
town and Caiim’s Harbour by the Hydrographer. There seemed reason 
to suppose that the observations at Whampoa had not been very good, 
and the results for the tides S^, R, Mi, Mg, L, /x, 2SM, J, M/, and 
seem to be so uncertain that I have thought it best to omit them from 
the Table of Values. For a like reason the L tide is omitted from the 
results for Cooktown and Cairn’s Harbom*. 
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2sote. — A — indicates that the values of these tides were not deteraimed. An * indicates that there is reason to believe that the 
determination of the tides is so imperfect that it is better to neglect them. 
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“ On some Definite Integrals and a Hew Method of reducing a 
Tunction of Spherical Co-ordinates to a Series of Spherical 
Harmonics/" By Abthtjr Schuster, HRS. Eeceived May 
30, — ^Kead June 5, 1902. 

(Abstract.) 

The expansion of a function f(B) of an angle 0 varying between 0 
and 7C in terms of a series proceeding by the sines of the multiples of 
6 depends on the fundamental theorem, 

v 

r 

1 sin sin qS dd = 0, 

0 

where p and q are integer numbers not equal to each other. Simi- 
^ly if Pn denotes the zonal harmonic of degree ju. = cos d, and 

q:: = 

the expansion of a function of 6 in terms of a series of the functions 
Qj depends on the corresponding theorem, 

+1 

J = 0, 

-1 

where i and n are two integer numbers not equal to each other. In 
many practical applications a continuous function is given by means 
of its numerical values at certain points, e.g., for equidistant valu^ 
of e. 

Such cases present no difficulty when Fourier’s’ analysis is to be 
employed, because there is in that case a summatibn theorem exactly 
corresponding to the above integration theorem. If 6 be replaced by 
pTr/n, where p takes successively the values 1, . 2, 3 ... , the equa- 
tion 

p = n'—l 

3 sin (ppr/n) sin {pqTrjn) = 0 

p = 0 

will hold true. This allows us to determine the coefficients in the 
case of problems in which discontinuous values of the function at 
equidistant points are known {e.g., hourly readings of temperature or 
barometric pressure). If we assume that all Fourier coefficients beyond 
the TZrth vanish, n equations are obtained, each of which only contains 
one of the unknown quantities. 

If ‘ it is desired to expand a function in terms of cosines, a slight 
VOL. LXXr. I 
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modification must be introduced, the summation theorem in that case 
being 

p r= n— 1 

i + J cos JJTT COS rpr + 3 COS {p^T^I'n) cos {pg^jn) = 0, 

p = i 

the first and second terms representing half the vdue of the product 
for p == 0 and p = n respectively. 

There is no corresponding summation theorem in the case. of the 
functions Qj, and the application of the method of least squares leads 
to a series of normal equations, each of which contains all the other 
coefiScients. This has been one of the great practical difficulties in 
obtaining an expression for the series of spherical harmonics for the 
earth’s magnetic potential. 

F. E. Neumann has tried to overcome the difficulty by calculating 
coefficients ^2 . . . % hi such a way that 

WQrw = o. 

p = 1 

Here pi, P 2 • • • are the quantities for which the values of the 
function to be represented are known. Neumann’s process is equiva- 
lent to attaching weights proportional to cip to the different obser- 
vations, a proceeding against which theoretical objections might be 
urged. 

2. The expansion in terms of a series of cosines and sines being so 
much easier than the direct expansion in terms of a series of the 
functions C^, I have endeavoured to obtain the latter series by means 
of the former. 

It is well known that a function of an angle 0, which is confined 
to the values lying between 0 and ir, may be put either into the form 

aQ + aiC0S^ + a2C0s2^+ . . . «^cos^0 +. . ., 

or into the form 


sin ^ + & 2 sin 2^+ , . . S^sin^?^-!- . . . 

The reduction to the series of spherical, harmonics is accomplished 
by calculating and tabulating the coefficients in the series 

cosjp^ = +AJ[^TLQy+i+ • • * AJ^Q^ -f . , . , 

sih^^ = . . . b:q:: + . . . 

The clioico betwesu the cosine and sine series is open to us, 'but it 
kppears that great simplicity is gained by taking the former series 
when o- is odd and the latter when cr. is even. For in that case the 
coefficients Aj and Bj will all vanish, as long as n is smaller than p. 
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When it is therefore desired to retain only terms as far as the «th 
degree, the Fourier coefficients need only be calculated as far as 

= The position of the earth’s * magnetic axis, e.g.^ only 

depending on the terms of the first degree, is completely determined 
by the coefficients hi for <r = 0 and ^^2 for o* = 1. 

3, The symbolical representation of the results of this paper is much 
facilitated by the introduction of a separate symbol for the product of 
alternate factors, n . , n- 4: . , , 1, if n be odd, or n,n-2 

- : . 2 if be odd. I propose to write n 1 ! for such products, and if a 
name be required for the product to call it the “ alternate factorial 
or the double factorial.” Full advantage of the new symbol is only 
gained by extending its meaning to negative values of n. Its complete 
definition -may then be included in the equations 


^!! == 1U = 1, 211 = 2. 

From this we may derive when n is negative and odd 

U4-l 1 

while for n negative and even, the factorial becomes infinitely large. 

4. The calculation of the factors Aj and depends on the values 
of the definite integrals 

-1 +1 

I Qj cos p6dix, j* Qf sinpddix , 

-1 


and these may be made to depend on the values of the integrals 
+1 +1 



It is proved that 


Hrl 


= 0 if n - (T be odd, 


-1 
+ 1 

1- 

-1 


= 0 


if - o- be even. 


The factor c is equal to 2 or to according as or + A. is even or odd. 

5. The integrals 

-fi 

J QrtQ? 

-1 

I 2 
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are obtained in the form of a series having a finite number of 
terms. 

6. To find 

+1 +A 

sin jpddii and [ cos ;p6d[i^ 

-1 -1 

we may either express Qj" or the trigonometrical functions in terms of 
a series of powers of sin 6, The second alternative leads to results 
which in general are more convenient. 

If we put 

Oo = l; = Cg .= i? « — - ; . 

0=1. + » . 

XI (p-X)ll ^ 

„ 1 (■>>+>-1)11 
X! (j,-\-l)!!’ 

we -find if <r be even, odd, and n even, 

[q sin — TT t /Ci.or-l.cr+l 

_ + Cs <r-5.cr-3.o-l ^+^I_ ..r + 3.(r + 5 


n- 3,71 + 4: 


n-3.m;-5.n + 4,n + 3 


— }' 

and if o- be even, ^ even, and n even, 

(ft4-o-)!!(«- 4)!! Jp °-3.(r-l.tr+l.o- 3 

(»-(r-l)!!(w + 3)!!L n--4.n + 5 


g (r-5.(r-3.(r"l.cr+l.(r+3.(r+5 1 

n- 4. ti- 6.71 + 5,71 + 7 • - • -j 

If »+(r+j? be even, the integral is zero. 

Similar equations are obtained for 


j Qj 003 pSdfji^, 


7. The final results are expressed as follows : — 

If ^ denote the coefi&cient of Ej cos <r<f> in the series of spherical 
harmonics when E®" = and is a numerical coefiicient, <j> being 
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the longitude, the results of the investigation may he put into the 
form 


p = «+i 

(f^ = S L(!^r ^ , when n is even, o- odd, and^ odd. 

= 0 

^ = 71+1 

= 2 alnl „ n „ odd, <r „ „ p even. 

p = i 

p =s «l+l 

= 2 SpWia j> «„ even, (T even, „ jj odd. 

ji = i 
p = n+l 

^ hp „ Ti- „ odd, o" „ jP even. 

7 ) =2 

In these equations the factors are the coefScients of the 
Fourier series (see § 2), and the quantities rj, mj, sj are 
numerical quantities, which (as well as their logarithms) are given in 
tables at the end of the paper as far as = 12, a- = 12,^ = 12. By 
means of these tables the numerical work is reduced to a minimum, and 
the coefficients of the series may be obtained as far as terms of the 
12th degree. 

8. The proposed method is specially adapted to deal with problems 
like that of terrestrial magnetism, in which the function to be 
obtained as a series of spherical harmonics is not given directly, 
but by means of its differential coefficients. The force directed to 
the geographical north may by Fourier^s analysis be obtained as 
a sum, the terms of which have the form cos cr^ cos p9y and sin o-^ 
cos when a- is even, and the form cos a-<j> sin p6y sin sin^^ wheno- 
is odd. Integrating with respect to 9, the magnetic potential is obtained 
in a form such that the transformation into the series of spherical 
harmonics may be proceeded with. A separate expression of the 
magnetic potential is derived from the force directed to the geographical 
east. 
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Contributions to a Theory of the Capillary Electrometer. IL— 
On an Improved Form of Instrument.’’ By Geokgp: J. 
Buech, M.A. Oxon., F.E.S., Lecturer in Physics, University 
College, Eeading. Eeceived September 26, — Eead ETovember 
20, 1902. 

During the sixteen years that I have worked with the capillary 
electrometer I have had occasion to make betVeon 150 and 200 instru- 
ments, and have therefore given naturally a good deal of thought to 
the problem of its construction. I have used eleven different forms, 
tlnee of which are figured in my little book on the * Capillary Elec- 
trometer in Theory and Practice,’ reprinted from ‘ The Electrician,’ 
1^96. A fourth is in use in the Physiological Laboratory, Oxford, for 
the research on nerve in which Professor Goteh and I have been 
engaged, and is in fact the improved form referred to on page 9 of my 
book. 

It may be of interest to indicate briefly the points that must be 
observed in the design of the instrument. 

It must be simple, easy to adjust and to clean, and with reasonable 
ears not liable to be broken. Above all it must be suitable for use 
with objective of short focus and wide-angle condensers. For this 
reason I adopted in my first projection-electrometers the plan of 
placing the capillary within a piece of thick-walled burette tubing of 
1 mm. bore, half ground away so as to form a trough of semi-circular 
section- A piece of thin cover-glass serves as a front to this trough, 
the lower end of which dips into the dilute sulphuric acid, the liquid 
rising in it by capillary attraction to a sufficient height above the level 
of the U-tube to enable the microscope to be focussed on the capillary 
within. 

In the first instrument of this type the trough was ground to fit 
the mouth of the U-tube like a stopper, and rested loosely in it. It 
w^as found, however, that as the acid loses or absorbs water with the 
changes of weather, the variations of level in the U-tube affect the 
adjustment of the trough, bringing the capillary sometimes too far 
from the cover-glass for good definition and sometimes dangerously 
near it. 

Hence in the later improved type I fused the upper end of the glass 
trough on to a glass rod which was fixed firmly with adjusting screws 
to the brass support that held the capillary, the U-tube containing the 
acid^being independently supported so that the end of the trough 
dipped into it. The short limb of the U-tube was made wide in order 
that the trough should not be likely to touch against it in the event 
of any accidental pressure on the instrument, and also because experi- 
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ence lias shown that capillaries are less liable to become sticky Avith 
much acid than with very little. The only objection to this type is 
the difficulty of adjusting the capillary in so small a trough. The 
operation has to be effected under the microscope and is both delicate 
and tedious. When it has been completed the definition is perfect, 
and the instrument not unduly fragile. But in order to clean it the 
same process has to be gone through again. 

I therefore determined to try an entirely different plan, on which 
the safety of the capillary shoiild depend not on the rigidity of the 


supports by which the trough was fixed, but on their perfect flexibility 
and on the use of a trough so light that its entire weight might even 


be borne by the capillary. 

Fig. 1 is a perspective diagram of the 
instrument in its final form, and figs. 2, 
J, c, and df, show the details of the 
trough which is the essential part. The 
support A is cut from a solid block of 
e})onite 9 cm. long, 5 cm. wide, and 
2 cm. thick. It is first cut to shape, 
holes* drilled for the binding screws E 
and F, and the piece B then separated 
from it by two saw-cuts, 

V-shaped grooves are cut to receive 
the capillary C, which, is firmly clamped 
under B by E and F. The longer limb 
of the Uytube D passes through a hole 
drilled lengthways through the lower 
end of A, which is slit about half way 
up with a wide saw-cut, so that it may 
be pinched together by the screw G. 
Adjustments for setting the capillary 
at right angles to the optic axis and 
parallel to the slit of the photographic 
recording apparatus, are provided for by 
the stout brass plate K, bent at right 
angles,* one end of which is fastened by 
a binding-screw at L to the back of A, 
and the other by a similar screw M to 



Fig. 1. — Half fall size. 


the adjustible stand of the projection microscope. The brass plate 
K is so shaped that there is a space of about 3 mm. between it and 


the left-hand side of the ebonite support A, in order to leave room for 


the adjustment of the latter about L as a centre. ^ 

The construction of the trough is shown in the full-size diagrams, 
figs, 2, a, c. A piece of mica, such as is used for lamp-shades, is cut 
to the shape a, with a pair of scissors. Two or three thicknesses may 
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be taken if one is not enough. Four holes are drilled with a needle in 
the positions shown. A thin piece of the best clear mica is then laid 
on a pad of blotting paper, the piece a placed on it, and four corre- 
sponding holes pricked through with the needle, the piece being after- 


h. o. 



Q 

j 

I 

6 


wards cut to the shape &. Finally, a and h are fastened together by 
four little loops of No. 30 platinum wire, and the whole trimmed to 
shStpe with the scissors. The trough is then hung by two platinum 
chains (made of No. 30 wire with long links as shown enlarged at d 
(fig. 2), so that the acid may not creep up them) from the hooks shown 
in fig. 1. These hooks are best made of half-round wire, doubled like 
a linch-pin, sliding easily but firmly in holes on each side of the 
capillary, as in fig. 1. 

The operation of putting in a capillary is as follows : The instru- 
ment is fixed to any convenient support by the screw M. The milled 
head G is loosened, and the U-tube D drawn down and turned aside. 
The whole instrument is then tilted backwards to an angle of 45^* from 
the vertical. In this position the trough H hangs clear of the capil- 
lary- If the capillary has been already filled and connected with the 
pressure tube, the nuts E and F must be unscrewed far enough for the 
tube to pass sideways into the clamps, but a now capillary may be 
easily and safely inserted from below after merely loosening E and F. 
It must then be filled to within 2 cm. — not nearer — of the top, with 
recently distilled mercury from a perfectly clean pipette, connected 
with the pressure apparatus,* and some mercury forced through. 

The screw M is then slightly loosened, and the instrument raised 
cautiously to a nearly vertical position. The trough H is adjusted by 
sliding the hooks from which it hangs up or down, or bending them, 
until the capillary rests against the centre of it — the apparatus being 

^ FuU details of tlie pressure apparatus, the cleaning of the tubes, and the 
method of drawing capillaries were giren in my book. 
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tilted back during each alteration. When these adjustments haye 
been made, the inside of the trough is wetted by touching it with a 
glass rod dipped in dilute sulphuric acid of 26 per cent, and the 
apparatus is tilted forwards until the wet trough swings against the 
capillary, and sticks to it. A piece of thin cover-glass — or of mica if 
very high powers are to be used — slighly wider than the trough, is 
picked up with a pair of fine forceps, wetted on one side with the acid, 
and placed carefully against the trough, to which it adheres, holding 
it firmly against the capillary, the lower edge of the glass resting 
against the platinum loops with which the trough is fastened together 
(see fig. 2, c). 

The U-tube is then turned back into position, cautiously raised until 
the lower edge of the glass just dips into the acid, and clamped by the 
screw G. Finally the trough is gently shaken or pushed to and fro in 
the plane of the mica, until the acid rises in it to the required height 
and all bubbles are expelled. 

The trough is held together so firmly by surface-tension that it seems 
at first sight a difficult matter to take off the cover-glass without 
breaking the capillary. It may, however, be done with the greatest 
ease as follows : The screw G is loosened, and the U-tube D drawn 
down and turned aside. A small beaker filled with water is held in 
its place and raised until the trough H is completely immersed, when 
the slightest movement causes the glass to fall off. The apparatus is 
then tilted back so that the trough swings clear of the capillary, which 
may be washed or even wiped, and the trough dried, replaced, and a 
new cover-glass put on, in less than three minutes. 

The definition, with these electrometers, is perfect. The capillary 
touches the cover-glass throughout its length, so that any dry objective 
can be used. The microscope should not, however, be left focussed 
on the capillary, lest the acid should chance to get between the objec- 
tive and the cover-glass — an accident which I have known to happen 
in very damp weather. 

My only fear in designing this instrument was lest contact 
with the mica should contaminate the acid and so spoil the tubes. 
There does not, however, seem to be any such effect. I have had 
some mica troughs in use for nearly three years, and have never once 
been troubled with a sticky capillary, and even with induction shocks 
they will stand more than the old type on account of the larger 
quantity of acid in the U-tube. They are easier to make than my 
old “ normal type ” on account of the straight capillary, and so far as 
I can judge they seem likely to supplant both it and my previous 
projection electrometer. ' • 
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On the Correlation of the Mental ainl Physical Characters in 
Man. Part By Alice Lee, D.Sc., Maiuk A. Lewenz, 
B.A., and Kaiil Peakbon, F.ES. deceived November 3, — 
Bead November 20, 1902. 


(1.) In a first paper on this subject* we gave a hjief account of our 
material — Miss Beeton's coines of the Cambridge anthropometric 
measurements with degrees added at the University Eegistry, and the 
school measurements carried out by assistance from the Government 
Grant Committee. This material will take years to exhaust, but the 
present notice gives further conclusions to be drawn from Dr. Lee^s 
and Miss Lewenz’s later reductions from this great mass of raw 
statistics. 

(2.) In the first place we may refer to certain matters which arise 
directly from the first paper. In the discussion which followed the 
reading of that paper it was suggested that we ought not to correlate 
intelligence with absolute measurements on the head, but with their 
ratio to the size of the body. The answer made on that occasion was 
based on data not then published, namely, that there is no sensible 
correlation between intelligence and the absolute size of the body. 
Hence the correlation between intelligence and any ratio of body 
lengths must also be small. To show this algebraically let Xi and 
be any two measurements, and the ratio Xi jx^; let denote 
the coefficient of correlation of any two characters ;//i, y/o ; let % be the 
coefficient of variation of the quantity x, i,(\, he 100 times its standard 
deviation divided by its mean.t Then we have the following 
formulsej : — 




= V- -2v V r 


Xi J’i XiXj 


(i), 




(ii)» 


where i denotes intelligence and x-i, x >2 any other cliaracters. 

Clearly when r^j and are both small cannot he large. Let 
L be length of head, B be breadth of head, and S l>e stature. Then in 
the case of the Cambridge graduates 


Vl = 3T839, 
= 3*2836, 
= 3*6958, 


y*Ls = 0*2816, 
Tbs = 0*1529, 
^*LB ~ 0*344-8, 


?Vl ~ 0*0861, 

?Vb - 0*0450, 
ns - -0*0056. 


* *‘On the Correlation of Intellectual Abilit? uilh the Siz(^ and Shape of the 
Head,” ‘ Roy. Soc, Proc.,' toI. 69 (1902), pp. 333—342. 
f ‘ Phil. Trans.,’ A, yoI. 187, p. 276. 

X Ihid., p. 279. (ii) is deducible by simple algebra in tlie method often indi- 
cated in tliis series of papers. 
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The and the physical correlations are due to Dr. W. E. Mac- 
donell,* were given in our first paper,! and ns was deduced 

from the following fourfold table : — 


(A.) Intelligence. 



Htmours. 

! 

Pass. 

1 

Totals, 

Over eg" 

244 

1 

228 -5 1 

472-5 

Under 69'^ 

280 

258 *5 1 

538-5 

Totals 

! 524 

1 

487 

1011 


If Ti^ were really sensible, it would mean that honours men were 
slightly shorter than pass men. The only safe conclusion we can 
draw, however, is that stature is not correlated with place in degree 
examinations. 

From the above results we find 

^Xsr, == 4T435, fRsj, = 4*5530. 

Hence we have 

^’iKsL ~ 0*0712, “ 0*0370, 

That is to say, the correlations of intelligence with the ratios of length 
and breadth of head to stature are slightly smaller than the correla- 
tions of intelligence with the absolute head-measurements. The result 
predicted from the smallness of in the discussion on the paper here 
receives its exact numerical confirmation* 

(3.) Since our school measurements were started, MM. Vaschide, and 
Pelletier have published in the ‘ Comptes Eendus a statement that 
although unable to find any relation between intelligence and length 
or breadth of head, they consider a relationship to hold between intel- 
ligence and the auricular height of head. Their process was of the 
following kind. They asked tho school teacher to select ten intelligent 
and ten non-intelligent children, and then measured the heads of these 
two sets, and found their means. This was done for groups of three 
ages in boys and two ages in girls. The probable errors of the differ- 
ence of the means of ten observations are not considered, and by 
exactly the same process that they reason that the auricular height is 
greater 'for the more intelligent children they might have deduced 
from their statistics that intelligent girls of 11 years have lower heads 

* ‘ Biometrika,* vol. 1, pp. 188-9. 

f * Roy. Boc. Proc./ vol. 69, pp. 335-6. 

J ‘ Oomptes Rendus/ Paris, vol. 133, 1901, pp. 651—553. 
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than intelligent girls of 9 years, and non-intelligent boys of 11 years 
lower heads than the same class of 9 years ! Frankly, we consider that 
the memoir is a good illustration of how little can be safely arguecl 
from meagre data and a defective statistical theory. ^ 

Taking from our school data the auricular height of 2006 boys, and 
from the growth table based on the same material, reducing them to 
the age 12 as standard, we find 


(B.) Amicular Hdght of Head and Intelligence. 



Intelligent. 

Slow. 

Totals. , 

Above 127 mm 

Below 127 mm 1 

i 

481 -5 

415 -0 i 

684 -0 
524*5 

1065*6 

939 *6 

Totals ! 

i 

896 -5 i 

1 

1108*5 

2005 


Whence the correlation = 0-0161. 

There is thus less correlation between auricular height and intelli- 
gence than between either breadth or length and intelligence: indeed, 
It IS Whan the probable error, and no weight can be laid on it what- 
ever The discovery of MM. Vaschide and Pelletier that the auricular 
height of school children is related to their intelligence seems to us 
qmte incorrect for English boys, and unproven owing to defect of 
material and method even for French children. 

It h^ been su^ested by a sweeping critic, who clings to the high 
correlation of intelligence and head size, that our school head-measure- 
ments areof no value. To this wo can only reply that in all cases 
where the measurements have been in the least doubtful the spanner has 
b^n returned and the measurements re-made. Further, if the absence 
of roraelation between intelligence and head-measurements be a proof 
th^ the head-measurements have been taken badly or the scale of 
mtelligence wrongly applied, how does it happen that high correlation 
omM out for the head-measurements of brothers, for all three cases 
^th length and height, and that its value is quite in keeping 
c^eWn between the intelligence of brothers? The 
CTstenee of careless measurement or appreciation would have reduced 
thew correlations also to near zero; as well as those on the characters 
on the same mcbvidual. We are forced to conclude that while our date 

hen we deal with upwards of twenty characters,* about half mental 

characters were girenin'Roy. 

thatpirer JatSLea " “O'* -- 
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and half physical, they give with an equal weight the definite resulu 
that there is no marked correlation between intelligence and the size or 
shape of head in children. 

(4.) "Wliile it seems desirable later to investigate specially the Cam- 
bridge data from the standpoint of the subject studied, as well as degree 
taken, we complete at present the list of other physical correlations 
with intelligence on the simple basis of hotiour and pass degree 
groups. 

The following are the tables : — 


Intelligence and Strength of Pnlh 
(C.) First Grouping. 



Honours. 

Pass. 

Totals. 

Above 84< lbs 

251 

256 -5 

507*5 

Below 84 lbs. ....... 

273 

1 229 -5 i 

502 *5 

Totals 

524 

486 ^ 

1010 


(D.) Second Grouping. 


Above 84 lbs 

Below 84 lbs 

Totals 

Honours, 
1st class. 

Honours, 2nd, 
8rd classes, 
and Pass. 

Totals. 

. 75 

78 

432 -5 
424*5 

607 -5 
502-5 

153 

857 

1010 


Intelligence and strength correlation is from the first grouping 
~ 0'0765, and from the second - 0-0199. Thus it would appear that 
from either grouping the honours men have slightly less strength of 
pull than the pass men, but as even this small amount is decreased 
when we group the first class men only together, such inferiority as 
there is seems to lie in the second and third class honours men. Taking 
the average, we may say that there is a negative correlation of - 00482 
between intelligence and strength of pull. The probable error of the 
result, about 0Oo5, shows that very little weight can be attached 
to it. 





110 


Miss Lefe,' Miss Lewenz, and Prof. Pearson. [Nov. 3, 


(E.) Intelligence and Strength of Sgueeze, 



Honours. 

Pass, 

Totals. 

Above' 85 lbs. ... . . 

236-5 

227-6 

464 

JBelow 85 ]bs j 

282 -5 

255 -5 

538 

Totals j 

339 

'1N3 

1002 


The correlation between intelligence and strength in this case 
= -0*0242. 

This result, although it is less than its probable error, is again 
negative. 

(F.) Intelligence and Sight, 

This is judged in the Cambridge Anthropometric Laboratbry by the 
•distance at which the test type can be read. 


Eight eye. 

Honour. 

Pass.' 

Totals. 

Otw61" 

359 *5 

239 

498 *5 

TTiider 61" i 

249 *5 

223 

472 *5 

Totals 

509 

4-G-2 

971 


For^-pne men on our cards were unelassed — 10 in 1st class, 5 in 
second, 1 in third, and 25 poll-men. This v a.s possibly due to defective 
;sight, or even to the loss, of the right eye, ])ecause the strength of the 
left eye was sometimes given ; we have not ventured to group these 
unclassed cases, however, with the short-siglited division. 

The correlation between intelligence atjd long sight ^ -0*0049. 
This is far less than the probable error of the result, but is again 
negative. ' 


(6.) Intelligence and Weight, 



Honours. 

Vim. 1 

Totals. 

OTer 10 St. 13 lbs... 

258 *5 

226 

484-5 

Under 10 St. 13 lbs. 

265 5 

261 

626 '5 

Totals’ 

524 

187 

1011 


The correlation Between intelligence and weight = 0*0459, and is 
thus very slightly larger than its probable error. 
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Now, it has sometimes been ai'gued that in any investigation of this 
kind, it is desirable to take not absolute weight, but its ratio to 
stature or some power of stature. ‘ Let W ~ weight, S = stature, and 
th = any power ; let =- W/S^^ and be a coefficient of variation, 
and r one of correlation, i standing for intelligence. 

Then 

4. = + . (i), 


But 


■ 

Vs = 3-6958, rsw = ‘0*4860, 

vsjf = 10-8300, rm = 0*0459, 

=i — 0*00^8, 


(ii). 


from results already given for the Cambridge data. Hence, calculating 
Ve* from (i) for = 1, 2, and 3, we deduce 


^’iR, “ correlation of intelligence with ratio weight to stature = 0*0540, 
^ ZBij ~ >} 5> >, (^stature)"* = 0*0555, 

n^’EL - M ■ (stature)s = 0*0503. 


There is no substantial difference between any of these correlations 
and that for intelligence and absolute weight. As they were found 
indirectly by formulaa, it seemed desirable to test at least one of thiem 
^directly. , Accordingly l^Iiss M. Beeton found the ratios Of weightier 
inch of stature for 1012 Cambridge men. The resulting table' was 
As follows : — 


(H.) IntelligeMc and Weight per inch of Statwe, ■' 


j 

Over 2 *224 lbs. per | 

Under 2 *224 lbs. per . . 

Totals 

Honours. 

. Pass. 

Totals. 

268-5 

265 -6 

222 
. 266 

4^0-5 

531 *5 

524 

488 

1012 



The distribution is sensibly .the same as that of the table for abso- 
lute weights, and the correlation comes out 0*0604, «.e., it differs oilly 
by 0*0064, or about one-fifth of the probable error from the.valmeic^ 
the correlation obtained indirectly. * 

We may then, I think, conclude that whether ‘we take absoliite 
weights or the ratio' of weight to stature, honours men ai^e -slightly 
heavier than poll-men. Bumming up the whole of our examination 
thus far of the Cambridge measurements 'we mayday that : 
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The honours men^ and p^resumaily therefore the luoi'e intelligent class, a/i'e 
slightly heavier and have slightly longer and broader heads ; they are not 
gtdfe as tall nor as strong, whether strength be measured by pull or squeeze, 
and are slightly shorter-sighted than the poll~me7i^ or the less 

intelligent class, Bi no single case, however, is the correlation between 
intelligence and the physical characters sufficiently large to enable us to grcmp 
the honmrs men as a diffieroitiated physical class, or to predict with even a 
moderate degree of probability intellectml capacity from the physical characters 
of the individual, 

(5.) While the above and the previously published results exhaust 
the Cambridge data, as long as we preserve the division into honours 
and poll-men, much more remains to be done on this material when 
we consider subject groupings among the Cambridge graduates, or 
when we turn 'to the much wider range of both physical and mental 
characters recorded in our school measurements. 

A preliminary inquiry may, however, be recorded here as bearing 
upon a rather vexed question at the present day, namely, the relation 
of athletics to health and intelligence. In our school measurements 
we had three categories : Health — divided into the classes ; Very 
Strong,'*' Strong, Normally Healthy, Rather Delicate, Very Delicate, Ability 
or Intelligence— was divided into six classes : Quicio Intelligent, Intelli- 
gent, Slow Intelligent, Slow, Slow Dull, Ve^y Dull, 

Lastly, we had the alternative category — Athletic, Non-athletic, By 
Athletic we understand not only fondness for out-door exercises and 
games, but good performance in them. There was a control entry in. 
th^ schedules under the heading Games or Pastimes, in which not only 
what the children liked, but in addition what they were good at, had to* 
be entered. We were thus in a position to make that triple correla- 
tion between health, ability, and athletic power, which seems really 
needful, if a sane judgment is to be made on the part athletics should 
play in the school curriculum. 

The following tables give the relations between health and ability,, 
ability and athletic power, and health and athletic power : — 


(I.) Health and Inlelligence, 2253 JJoys, 



Quick intelligent, 
intelligent. 

Slow intelligent, slow, 
slow dull, very dull. 

Totals. 

Yexy strong, strong. . 

416 

453 

868 

Normally healthy . . . 
Bather delicate, very 

461 

542 

1003 

delicate 

328-5 

263 -5 

382 

Totals 

1004 *5 

1248*6 

2253 


* Strony in these categories equals rolnist. 
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The correlation dividing at the Strong is 0*0820. 

The mean of the other divisions (i) dividing at the Delicate, and (ii) 
putting the Slow Intelligent with the Intelligent, gave 0*0835. We 
conclude, therefore, that there is a sensible, but not marked correla- 
tion between good health and intelligence. 

Taking, however, health and athletics we have the table : — 


(J.) Health and Athletics, Boys, 



Very- 

strong. 

Strong. 

Normally 

healthy. 

Bather 

delicate. 

Very 

delicate. 

Totals. 

Athletic . . . 

91 

447-5 

497 *5 

120 

8 

1159 

Non-athletic 

9*5 

98 -5 

293*5 

166-5 

16 

584 

Totals 

100*5 

546 

791 

286*5 

19 

1743 


The correlation between healthy and athletic dividing between Strong 
and Normally healthy is = 0*4570, a very marked relationship. 

Next, taking intelligence and athletics, we find: — 


Intelligence and Athletics, 1708 Boys, 



Quick 

intelligent. 

Intelligent. 

Slow 

intelligent. 

Slow. 

Slow 

dull. 

Very 

dull. 

Totals. 

Athletic ... 




168-75 

40*6 

Ii 

1148 

Non-athletic 

m 



99-75 

48-5 

m 

560 

Totals 

205-6 

685 

543 ' 

258 *5 

89 

27 

1708 


Dividing between intelligent and slow intelligent we find the corre- 
lation between intelligence and athletic character is 0*2133. 

This result may be exhibited also in the percentages of athletic and 
non-athletic boys who fall under each class of intelligence : — 


Percentages of Athletic and Non-aMetic Boys under each grade oj 
Intelligence, 



Quick 

intelligent. 

Intelligent. 

Slow 

intelligent. 

Slow. 

Slow dull. 

Very 

dull. 

Athletic . . . 

14 

37 

31 

13 

i 4 

1 

Non-athletic 

8 

29 

32 1 

18 

9 

3 
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The relationship between keenness for combined with capacity in 
games and general intelligence is here manifest. 

Certain other correlations with the athletic character may be just 
noticed without giving the tables. The athletic boy is popular 
(0-3250) and noisy (0*3452), and this altliough popularity is not found 
to be directly correlated with noise. He is slightly self-conscious 
(0*0761), and is more likely to be fair than dark (0*0391). His temper 
tends to be quick rather than sullen (0*2207), as the following table, 
based on 1664 cases, will show : — 


Percentages of Athletic to Nonrafhletic Boys for each Temper, 



Quick tempered. 

Q-ood-natured. 

Sullen. 

AHiletie 

21 ' 

68 

11 

on-athleti o. 

12 

74 

14 



To sum up, then : While the intelligent are only slightly the more 
healthy, the athletic are mtally the more healthy element in the com- 
munity. Further, the athletic are considerably more intelligent than 
the non-athletic ; they are the more popular and more noisy element ; 
and they tend to quick rather than sullen temper. We may in general 
terms describe the athletic boy as healthy, quick-tempered, and in- 
telligent when compared with the non-athletic boy. He certainly 
under all three headings should make a better soldier than the non- 
athletic, and it is hard to discover any statistical evidence in school 
life for such expressions as “ the flannelled fool at the wicket,” or “ the "" 
muddy oaf at the goal.” What happens in later life can only be 
determined when ample statistics are available for reduction and com- 
parison. Failing such data, we can argue only from the vaguest of 
impressions. 
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Note upon Descending Intrinsic Spinal Tracts in the Mammalian 
Cord/’ By 0. S. Shekrington, M.A., M.D., F,E.S., and E. E. 
Laslett, M.D. Viet. Eeceived November 5, — Eeacl Novem- 
ber 27, 1902. 

In the course of experiments upon the paths of nervous conduction- 
in the spinal cord of the mammal, one of us observed* very numerous 
and wide departures from the fourth so-called “law” of Pfliiger, 
That “law” states that “ Eeflex-irradiation in dem Eiickenmarke 
nach Oben, resp. Yorn, gerichtet ist ; also gegen die Medulla oblon- 
gata.”! The observation of the above-mentioned exceptions rendered- 
desirable a search for more detailed evidence of intrinsic spinal paths 
running in the aboral direction. We therefore set about inquiring into 
the existence of spinal paths connecting the activity of segments 
situate nearer the head with segments lying further from the head. 
Such evidence is obtainable with some experimental difficulty, but it 
has been eventually forthcoming, and amounts to demonstration of the 
microscopic course of the channels involved. It is some main features 
of these latter that we desire to record in the present communication. 

Method. 

The method employed has been that of the Wallerian nerve-fibre 
degeneration, but with a novel feature in the mode of application of 
the mothod. For the purpose in view the ordinary establishment of a 
cross-lesion in the spinal cord is futile. The secondary degeneration 
then produced befalls, in the spinal region under investigation, all 
nerve-fibres having their perikarya headward of the cross-lesion, 
whether those perikarya lie in the cerebral hemisphere, basal ganglia, 
mid-brain, cerebellum, bulb, or cord itself. It is obviously then 
impossible to identify which particular ones, if any, of the degenerate 
nerve-fibres are coming from the cord-segments whose nerve-tracts 
are the special object of inquiry. To obviate this difficulty, we have 
adopted a method which may be termed a method of successive 
degeneration^^ The method consists in producing two or more succes- 
sive degenerations with allowance of a considerable interval of time 
between them. In the piece of cord to be examined, a first degenera- 
tion is allowed time enough to remove all the tracts descending from 
sources other than those the immediate object of inquiry. This is a 
procedure which requires in our material, at shortest, 9 or 10 months 
to complete. When the time is complete, rhe cord is left, as it were, 

* “ Croonian Lecture/’ * Phil. Trans.,’ B, 1897. 

t ‘ Die sensorisclien Puiictionen des Ruckenmarks der Wirbeithiere, nebst einer 
neuen Lebre uber die Leitungsgesetze der Eeflexionen ’ (p. 78), Berlin, 1853. 
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like a cleaned slate, on which once more a new degeneration can he 
written without fear of confusion with a previous one. The cord is 
then ready for receiving the lesion which shall cause degeneration of 
the particular tracts whose existence is suspected. After a period 
suitable for the full development of the new degeneration, the cord is 
treated histologically by the Marchi method, and the microscopical 
examination proceeded to. This method resembles in principle a 
method employed with noteworthy results by Mtinzer.* This author 
performed on the new-born rabbit a first lesion (e.g., removal of one 
cerebral hemisphere, injury of mid-brain or cord), and later, in the 
animal when grown, proceeded to establish a new lesion which was 
thus uncomplicated by the part already separated: thus “Gudden’s 
agenesic atrophy ” was made to precede the degeneration desired for 
study. 

One of the experiments made by Munzer and Wiener (1895) deals 
with the problem undertaken by ourselves. After semi-section of the 
spinal cord of the new-born rabbit at the last dorsal segment, they per- 
formed total transection two segments further back when the animal 
was grown. Behind the second section they found “ as many fibres 
degenerate on the semi-sected side as on the intact side.” If not ‘‘ decus- 
sation fibres ” these fibres must evidently be of intra-spinal origin in the 
anterior lumbar region. As to their being decussation-fibres, Munzer 
says they are, on the contrary, from the grey matter of the same side 
as the semi-section, a statement which our own results in the dog in 
the same and other regions endorse. 

In our experiments the cord of the dog has been used, and total 
transection has not been the final, but the first step in the pro- 
cedure. This course was chosen in order to completely exclude all 
chance that fibres from sources not the object of inquiry could compli- 
cate the second lesion. In order to ensure complete transection, we 
have in almost all our experiments exsected and ablated a short 
segment of the cord, instead of simply severing it across. The 
exsection was made immediately in front of those spinal segments 
whose system of descending fibres in the cord was to be looked for. 
Then after an interval, which we found by experience must not fall 
short of 260 days, the second lesion, usually some form of partial 
jBection, was performed, and a further period of about 20 days was 
.allowed for degeneration. The procedure of total transection prior to 
the lower limiting lesion has an additional advantage in the lesser 
interference with the local circulation of the cord in the final lesion. 
Better in these respects this plan ofters, however, considerably greater 
difficulties than its converse. We have, in spite of all care, lost a 
number of experiments in the long intervals necessary to elapse while 

* E. Miiiizer, with. Wieuer, ‘Prager Medicin. Woclienschrift,’ 1895 j also 
^ Monatsclir. f. Psyeliiat. u. Ifeurol.,* voL 12, p. 241, 1902. 
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the cord is ripening for the second operation. We have, however, 
obtained thirteen successful complete experiments : in these the short^t 
interval has been 260 days, the longest 568 days. Among these is 
included two in which, for special reasons, the partial cross-lesion of 
the cord was made precedent to the total transection. 

Results. 

The spinal segments examined as sources of aborally-running fibre- 
systems have been posterior cervical, anterior thoracic, mid thoracic, 
posterior thoracic, and anterior lumbar. From all these regions our 
experiments demonstrate that copious aborally-running fibre-systems 
spring. Thus, the accompanying fig. 1 shows, for instance, tracts of 
fibres in the 5th lumbar segment which have their origin in cells of the 
2nd thoracic segment. 

Fig. 1. 



Cross-section of the cord of the dog at a level in the anterior part of the 6ih 
lumbar segment j Marchi preparation. The section reveals the topography at 
timt level of the aborally-running fibre-system of the 1st and 2nd thoracic 
segments. The 8th cervical segment of the cord had been completely exseeted 
aaid ablated. A partial transiesion (rather more than a semi-section) -was made 
the Mt half of the 3rd thoracic 568 days subsequent to the removal of the 8th 
segment. The exact extent of this second lesion was determined subsequently 
by microscopic examination in serial preparations, and its limits will be 
described and figured in a fuller communication. The dots indicate, in a way 
mentioned in the text (p. 120), the density and extent of the degenerate tracts 
of fibres. L = left side j E = right side. 

Speaking generally, of the fibres composing the aborally-nmning 
systems springing from the grey matter of the spinal segments 
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examined, we find there may be distinguished two sets. For physio- 
logical description it is in some ways convenient to regard the length 
of the spinal cord as divisible into regions j thus, a brachial for the 
fore limb, a thoracic for the trunk, a crural for the hind limb, a pelvic 
for pelvic organs, a caudal for the tail, and so on. A reflex initiated 
md an afferent path of one such spinal region may evoke its peripheral 
effect by efferent paths of a spinal region other than that to which the 
original entrant path belongs. Such a reflex has in a former paper by 
one of us* been termed a “ long ” spinal reflex, in contradistinction 
to reflexes whose centripetal and centrifugal paths both belong to 
one and the same spinal region. The latter reflex it was proposed to 
term “ short.’^t Analogously, in the aborally-running fibre-systems of 
the spinal segments examined, by our experiments fibres of two cate- 
gories are found, one a set passing beyond the limits of the spinal 
region in which they arise, the other not passing beyond those limits. 
The former we would term “long spinal,” the latter “short spinal” 
fibres. In each of these main categories there can be distinguished 
fibres of various intermediate length. 

Again, the fibres of each of the above two categories may be clas- 
sified into two sets or tracts, according to their topography relatively 
to the cross-section of the cord. Fibres of both of the above categories 
are situate both in the lateral columns and in che ventral columns of 
the cord. . It is useful, at least for descriptive purposes, to indicate 
this by terminology. We thus recognise in the aborally-running 
intrinsic spinal fibre systems the following sets or tracts : (a) Ventral 
short fibres, (ft) ventral long fibres, (y) lateral slrnt fibres, (8) lateral lo7ig 
fiikres. It must be added that the distinction into lateral and ventral 
is somewhat artificial, as there exists often, especially in the case of the 
“ short ” fibres, no distinct gap between the ventral and lateral fields of 
distribution of the fibres in the transverse area of the cord. 

In regard to the “ long ” fibres, we find that in all the regions 
examined by our experiments there is no evidence of decussation of 
these tracts. This statement does not exclude the possibility that the 
collaterals or the fine ultimate terminals of these fibres may in some 
cases penetrate in the grey matter across to synapses in the crossed 
side of the grey matter. We have at present no reliable microscopical 
evidence for or against such a possibility. But all our evidence is 
consentient that the fibres themselves do not pass from the white 
columns of one side of the cord into those of the crossed side, that is, 
do not in the ordinary sense decussate. 

A similar statement seems also to hold true for the “short ” fibres, 
thus confirming Miinzer : J it is certainly true of the majority of the 

* C. S. Sberrington, Oroonian Lecture,*' ‘ Pbil. Trans,,* 1897. 

t Ihid. 

:J: * Prager Medic. Wocbenschr.* 1895. 
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short fibres ; but analysis of our material mates us hesitate to positively 
affirm that it is true for all of them. A small proportion of the short 
fibres may decussate, at least in the sense that short fibres arising in 
perikarya belonging to one lateral haK of the cord may find their 
way into the white ventrolateral columns of the crossed half. We do 
not affirm, however, that any of even our “ short ” fibres do decussate, 
we simply affirm our present inability to deny that a small proportion 
of them may do so. 

Some of the “ long ” fibres are very long, both in the lateral and in 
the ventral columns of the cord. Thus, some of those arising from 
perikarya in the 6th and 7th cervical segments we have traced into the 
sacral region, through nearly thirty spinal segments, both in the 
lateral and in the ventral columns. The rule pointed out by one of us 
in a previous paper,* that the long fibres in the spinal cord tend to lie 
nearest the surface of the cord, is well exemplified in these intrinsic 
spinal systems. 

Besides fibres in the ventrolateral columns the aborally-running 
fibre-systems of spinal origin include fibres in the dorsal columns. 

Fig. 2. 



Cross-section of the spinal cord of the dog at the level of the 1st sacral segment ; 
Marchi preparation. The section reveals the topography at that level of the 
aborally-running fibre-system of the nerve-cells of the 1st and 2nd lumbar 
segments. A short length of the 13th thoracic segment of the cord had been 
completely exsected and ablated. A partial translesion (rather more than a 
semi-section) was then made through the right side of the 2nd lumbar segment 
in its anterior levels 290 days subsequent to the total exseetion. The extent of 
this second lesion was accurately determined later by microscopic examination 
in serial preparations ; its exact limits will be described in a fuller communiea- 
tion. The dots indicate, in the way mentioned in the text, the density and 
extent of the tracts of degenerate fibres. L = left side ; R = right side. 


* ‘ Jo urn. of Physiology,’ vol. 14, p. 298. Cambridge and London, 1893. 
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Those are less numerous. We defer detailed description of them, 
together with further detailed description of the ventral and lateral 
tracts above-mentioned, until a fuller communication dealing with the 
whole subject. The general features of the topography can be gathered 
better from the two accompanying figures than from any even lengthy 


Fio. 3. 



Cross-section of the spinal cord of the 5og at the level of the anterior part of the 
4tli lumbar segment ; Marclii preparation. The section reveals in left half of 
the cord the topography at that level of the aborally-ruiming fibre-systems 
arising in perikarya of the grey matter of the left half of the 6th and 7th 
cervical segments. Total transection of the cord had been performed through 
the 8th cervical segment 268 days subsequent to left semi-section at the 5th 
cervical segment. Thirteen days only was allowed for the development of the 
degeneration after the second lesion. The degeneration may not therefore 
appear so extensive as it might have done later, but its localisation is probably 
the more precise. The exact extent of the semi-section was found by subse- 
quent microscopic examination in serial preparations to amount almost accu- 
rately to a W1 section of the left half of the cord ; the detailed limits will be 
described in a fuller communication. The degeneration in the right half of 
the lumbar cord figured includes aborally-ninning fibres derived not merely 
from the spinal cervical grey matter, but from bulbar and cerebral cources as 
well; and these are practically inextricably commingled one with another* 
The dots signify, in the way mentioned in the text below, the density and 
extent of the degenerations, L — left side ; =■ right side. 

•textual description. All tbe figures have been drawn with tbe camera 
lucida upon squared proportional paper, and the squares on the paper 
have been made to correspond with squares in an engraved eye-piece. 
All the drawings are to exactly the same scale. The dots signify 
degenerate nerve-fibres, but the number of dots does not of course 
represent the absolute number of degenerate fibres, but falls far short 
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of it. Extreme care has been taken, however, to make the number of 
the dots bear fairly accurately a general proportion to the density of 
the degeneration, and the same proportion in one drawing as in 
another. 


The Inter-relationship of Variola and Vaccinia.” By S. Monck- 
TOJsr COPEMAN, M.A., M.D. Cantab., F.E.C.P. Communicated 
by Lord Lister, F.RS. Eeceived IsTovember 13, — Eead 
November 27, 1902. 

The term variolje vaccinse ” employed by Jenner, as a synonym 
for cow-pox, has been generally accepted as affording evidence that 
in so naming this disease, “ small-pox of the cow,” he was desirous of 
placing on record his belief that cow-pox, or vaccinia, was intimately 
related to human small-pox, if indeed it were not directly derived 
from it. 

This theory, however, appears to have found but scanty favour in 
Tenner’s day, and even at the present time the value of the practice 
of vaccination is, by some, impugned on the plea that inoculation of 
one disease — cow-pox— -could not be expected to exert any really pro- 
tective influence against the ravages of small-pox — a disease considered 
by them of totally different origin. 

In the hope of obtaining definite information on the subject, many 
observers, during the long period which has elapsed since the intro- 
duction of vaccination, have set themselves the task of attempting to 
solve, by experimental methods, the problem of the true relationship 
of vaccinia to variola. 

These attempts have been, for the most part, directed to the 
possibility of giving rise to cow-pox by the introduction, in one or 
another maxmer, of the virus of small-pox into the system of the 
bovine animal. In the great majority of such attempts, which have 
been much more numerous than is generally supposed, the results 
have been entirely negative, although so numerous have been the 
experimenters, who from time to time have attacked the problem, 
that the total number of instances in which an apparently succes^ui 
result has been obtained, is now considerable. 

So far as I am aware, the first recorded experiments are those of 
Gassner of Gunsberg, who, in 1801, succeeded, after no less than ten 
fruitless attempts, in directly variolating a cow with small-pox virus. 
The lymph thus obtained was employed for the vaccination of four 
children, from whom other seventeen were subsequently vaccinated. 
None of these exhibited any signs of small-pox. 
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It is impossible, here, to do more than mention the names of other 
investigators who have engaged in research of this nature at various 
times from the commencement of the last century up to the present 
time. I therefore merely append in the foot-note* a list of such 
names, placed, as far as possible, in chronological order. It is a note- 
worthy fa«t that every observer mentioned, with the exception of 
Chauveau and his colleagues of the Lyons Commission, and Martin, 
claim to have obtained, on one or more occasions, positive results as 
regards the production of typical vaccinia, generally after one or 
more removes from the animal originally variolated. 

But it must, I think, be admitted that many of the earlier experi- 
ments, more particularly, are practically worthless owing to the con- 
ditions under which they were carried out. Some of the main 
objections are based on the frequently concomitant use of vaccine 
and of variolous lymph on the same animal, and the want of care as 
to the cleanliness and freedom from vaccine contamination of lancets 
and “points ” used in the experiments. 

As regards my own work, carried out on similar lines to those 
adopted by previous observers, and of which a full account was 
published in the ‘Journal of Pathology and Bacteriology,’ in 1894, 
it may here be mentioned that I obtained an undoubtedly successful 
result in one series only, out of four attempts. In four subsequent 
variolation experiments, carried out several years later (1901) in con- 
nection with work, a detailed account of which is set out in the 

* Chronological list of observers who have carried out yariolation experiments 
on fooTines ; — 


1801. 

Viborg 

. . • Copenhagen 

1828. 

McMichael 

... Egypt. 

1830. 

Sonderland .’ 

. . . Barmen. 

3IJ 

Numann 

. . . IJtrecht. 

1832, 

Macphail 

. . . Baltimore. 

1836. 

Thiele 

... Bussia. 


Martin 

. . . Attleborough, Mass. 


MacTherson 

, . . India. 

1839. 

Eeiter 

. . , Munich. 

ij 

Ceel j 

— England. 

1840. 

Badoock 

* « * 

1863-65. 

Chauveau 

. . . I/yons, 

1868. 

Shortt 

. . . India. 

1871, 

Chauveau 

. . . Lyons. 

1881. 

Yoigt 

. . . Hamburg. 

1886-90. 

Bischer 

. , . Carlsruhe. 

1889. 

^ing 

. . . Madras. 

1890-91. 

Eternod and Haocius 

. . . G-eneva. 

1892. 

Simpson 

. . , India. 

jj 

Hime 

. . . England. 

» 

IQein 

... „ 

3i 

Copeman 

... „ 
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present paper, my attempts at direct transference of human small-pox 
material to the calf met with no success. 

All my earlier experiments were conducted at the Brown Institution, 
in order to avoid any possibility of contamination with vaccinia. As 
a further precaution new scalpels were used, which were invariably first 
carefully sterilised in the flame of a spirit lamp, and, after use, the 
table was, on each occasion, thoroughly washed with carbolic acid 
(1 in 20), while during the intervals of use it was kept exposed to 
the air under an open shed. Similar precautionary measures have 
been observed throughout the course of my later work. 

The difiSculty experienced by myself and the numerous other investi 
gators, to whom reference has already been made, in attempts to 
transmit human small-pox directly to bo vines, whether cows or calves, 
is not infrequently cited as a reason for regarding with distrust the 
theory expounded by Jenner, that cow-pox, whether carried through 
the horse as intermediary host or not, was originally derived from 
small-pox in the human being. 

But a great deal, at any rate, of the small-pox which was preva- 
lent at the time that J enner lived and wrote was of that compara- 
tively mild variety which, under ‘ the name of inoculated small-pox, 
was intentionally produced in healthy subjects, with the object of 
thereby conferring protection against subsequent attack by the disease 
in virulent form. 

So mild indeed at times were the results of inoculations in the hands 
of such operators as Adams and the brothers Sutton that, as we learn 
from contemporary records, in many instances but little obvious effect 
was observed, with the exception of the local vesicle arising at the site 
of insertion of the small-pox virus, and the patients suffered but little 
inconvenience. Thus, more particularly in certain of Adams’ eases, as 
may be gathered from his own account of the circumstances, the visible 
effect produced so closely resembled the results then beginning to be 
known as following on the Jennerian process of vaccination, that 
numbers of his patients were with difficulty persuaded that he had not, 
contrary to their desire, intentionally vaccinated rather than variolated 
them. The gradual evolution of a strain of lymph of such tenuity, 
according to Adams himself, was obtained by attention to the mode of 
life and general treatment of persons undergoing the process, together 
with careful selection of the sources (preferably the primary vesicle) 
from which the virus was obtained. 

The majority of persons thus inoculated are not likely to have been 
incapacitated, as the result of the operation, to a much greater extent 
than are those who undergo efficient vaccination at the present day, 
and doubtless, therefore, they would be, for the most part, capable of 
following their ordinary avocations during the progress of the induced 
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disorder. On the other hand, this would hardly have been possible in 
the case of persons contracting small-pox in the ordinary way, among 
whom the disease was apt to exhibit such virulence as to account for 
the death of perhaps 50 per cent, of those attacked. 

Not only were the effects following on inoculation comparatively 
mild, but the disease in this form was intentionally brought into many 
country districts which otherwise might not have become invaded by 
small-pox. In the light of these facts, it has for some time past been 
borne in upon my mind more and more convincingly that it was prob- 
ably from the inoculated form of smalhpox, rather than from the 
ordinary variety of the malady, that much, at any rate, of the cow- 
pox, in the pre-vaccination era, was derived. It is not difficult to 
understand how that the cracks so often found on the udders of cows 
might become infected by a milker with fingers contaminated by 
contact with the inoculation sore upon his arm. 

I determined therefore, if possible, to put the matter to the test, 
and, learning that in Nubia, in Burmah, and in certain parts of India 
the inoculation of smaU-pox is still practised, I made numerous 
endeavours to obtain the necessary material, but unfortunately without 
success. 

In default, therefore, of inoculated small-pox in the human subject, 
I made trial of the monkey, which, as I have shown in a previous 
communication to the Royal Society, is readily susceptible to the 
disease, the various phases of which in this animal closely resemble 
those observed in man, but in a much milder form ; the occurrence of 
a generalised eruption being exceptional. 

The different series of experiments, protocols of which I append, 
have been carried out at intervals, determined mainly by the possi- 
bility of procuring the necessary small-pox material. The work was 
commenced in April, 1898, with a supply of small-pox lymph received 
from the Medical Officer of Health for Middlesborough, in which town 
an epidemic of the disease was then in progress. For subsequent 
supplies I am indebted to the Medical Officer of Health and the 
Medical Superintendent of the Small-pox Hospital at Glasgow, to the 
Medical Superintendent of the West Ham Small-pox Hospital at 
Dagenham, near London, and to the Medical Superintendent of the 
Hospital Ships of the Metropolitan Asylums Board. 

The methods employed in the investigation have been briefly as 
follows : — 


Collection of Material for Inoculation, 

In the first instance this was obtained in a manner similar to that 
formerly employed in obtaining human vaccine lymph. Discrete 
vesicles, mature, but still containing clear lymph, on one or another por- 
tion of the body of a patient suffering from small-pox, were punctured 
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with a sterilised lancet, and their fluid contents received into fine capil- 
lary tubes, which were subsequently sealed in the flame of a spirit lamp 
to admit of transport. This operation, however, is a most laborious 
one, and was subsequently abandoned, at my suggestion, in favour of 
collection, in the post-mortem room, of vesicle pulp at a suitable stage 
of the eruption, by means of a small Yolkmann’s spoon*, after the 
fashion now invariably used in the Government lymph laboratories in 
obtaining, from the calf, material for the production of glycerinated 
lymph. 

After removal from the body the small-pox pulp is first carefully 
weighed, and then ground up in a small glass mortar, with the gradual 
addition of usually four times its weight of a sterilised 50 per cent, 
solution of pure glycerine in normal saline solution. After thorough 
emulsification, what is not required for immediate use is stored in 
tubes, resembling small test-tubes, which are then corked, sealed 
with liquefied paraffin to which carbolic acid has been added, and set 
aside in a chamber kept at a temperature a few degrees above freezing 
point. Borh storage-tubes and corks are sterilised before use. 

Bacteriological examination by the method of plate-culture often 
shows a comparatively small number of extraneous roicro-organisms in 
a specimen of small-pox emulsion prepared in the manner described, 
but whenever possible it has- been stored at a temperature of about 
15“ C. for some weeks prior to using it for inoculation. 

Species and Age of Monkeys Inoculated. 

For my original experiments on the transference of human small- 
pox to the monkey, a brief account of which was presented to the 
Royal Society in 1893, 1 employed the rhcesus monkey, for the reason 
that Professor Sherrington and myself had, at the time, a stock of these 
animals, which had been obtained for other experimental work. Having 
at that time obtained successful results in every one of my inocula- 
tions, I employed the same species of monkey in the greater number of 
the experiments comprised in the present research. As, however, 
during the progress of the work I learnt that Dr. Eilerts de Haan, who, 
in Batavia, had been working on similar lines to myself, had made use 
most successfully of the macaque monkey, I also obtained a few speci- 
mens of this species, in order to compare the results of variolation 
in these animals with those that I had previously observed in the 
rhoesus monkey. But after two or three inoculations of the macaque 
with small-pox material, I came to the conclusion that the results fol- 
lowing on the operation were not ordinarily as typical as in those 
experiments in which rhoesus monkeys had been employed. At the 
same time the macaque is in this country more expensive and more 
difficult to obtain than the rhoesus, so that I reverted to the use of the 
latter species in subsequent work. 
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It would appear also that, as in the human subject, young animals 
are more susceptible to small-pox than are adults, since it was in 
those instances in which monkeys probably not more than a year 
old were variolated that the most successful results were obtained. 
In one instance, however, in which the monkey was believed ,to be 
not more than a few months old, the extremely fine downy hair, after 
shaving, grew again so rapidly as to render somewhat difiicult the 
photographing of the efifect produced by the operation. 

Mode of Operation and Collection. 

In the earlier experiments inoculation of the monkey with human 
small-pox emulsion was carried out by rubbing it well into scarified 
patches or linear incisions of the skin of the upper arm or of the inside 
of the thigh, after previous shaving and cleansing of the skin. Subse- 
quently, however, in accordance with the suggestion of Dr. de Haan, 
a shaved area on the back of the animal was utilised for inoculation. 
In this situation the results of the operation were found to be equally 
good, and there is less liability of damage to the vesicles from the 
nionkey scratching itself. 

The eruption having arrived at maturity, after the lapse of a period 
extending from five to eight days from inoculation, the altered epi- 
thelium was removed either with a small Volkmann^s spoon or by 
scraping with a scalpel, after cleansing the inoculation area, between 
the blades of pressure forceps. The resulting epithelial pulp was then 
rubbed up in a small glass mortar, with the gradual addition of about 
six times its weight of normal saline solution, containing, when it was 
desired to preserve and purify the emulsion, 50 per cent, of glycerine. 

Experfence has shown that in monkeys a year or more old, which 
have been inoculated, the vesicular stage of the eruption is at its height, 
as was formerly observed in the human subject, by the eighth day ; but 
in younger animals the process tends to be hastened, and in some of 
the later and most successful cases, the eruption was completely 
vesicular as early as the sixth day (120 hours). The particular breed of 
monkey does not appear to exert any influence in this respect. 

Transference to the Calf and Human Subject, 

The methods employed for transference of the localised disease in the 
monkey, after one or more passages through that animal, to the skin of 
the calf need not be set out in detail, being similar to those ordinarily 
used in the process of calf vaccination But it may here be stated that 
at no stage of the investigation have these experimental calves been 
brought into contact with, or even placed in the same room as, the 
calves used in the current work of the Government Vaccine Establish- 



127 


1902.] The Inter-relatiomhip of Variola and Vaccinia. 

ment. They were fed and otherwise attended to by a man specially 
detailed for the purpose. All instruments employed for the vaccina- 
tion of monkeys, calves, or children were previously sterilised by 
boiling or passing through the flame of a spirit lamp. Attention may 
perhaps be called to the fact that the skin of the scrotum in the calf 
affords a specially favourable site for inoculation experiments, especially 
if, when the incisions are made, the skin is made tense by pressing down 
the testicles. The first transference from the monkey to the calf does 
not usually afford a perfect result. Indeed a second, third, or even 
later passage from calf to calf was usually required before the most 
typical vesiculation was obtained. 

In certain cases children were vaccinated with lymph obtained from 
the experimental calves, and in all instances the resulting vaccination 
ran a perfectly normal course. With lymph of similar origin I also 
successfully vaccinated myself. But none of the strains of vaccine 
lymph, derived originally from human small-pox in the manner 
described, have been brought into general use. 


PROTOCOLS OF EXPERIMENTS. 

Eiest SiErEs. 

February 21, 1898. — Q-lyeerinated samples of small-pox Ijmph receired this day 
from Medical Officer of Health of Middlesbrough. Patients living and aged 
respectively 20, 27, and 34 years ; all had been vaccinated in infancy. 

Afril 1. — At Brown Institution, inoculated small rhoesus monkey with small- 
pox emulsion of 21.ii.9S in five linear incisions on left arm, and in fourteen on 
abdomen, after previous shaving and cleansing of the skin, by means of soap and 
water, followed by warm boric acid lotion. Monkey isolated in separate room 
and attendant vaccinated as a precautionary measure. 

Ax^ril 5. — All insertions on both arm and abdomen evidently “ taking.’* 

April 8. — ^Distinct vesiculation at site of all incisions on arm and most of those 
on abdomen. Monkey aetherised and substance of vesicles removed with sharp 
spoon into small j)reviously weighed and sterilised test-tube. Scrapings weighed 
(0'6 gramme) and ground up with six times the weight of 50 per cent, watery 
solution of glycerine. Resulting emulsion taken up into twelve capillary glass 
tubes. 

April 13. — Monkey looks well. All incisions healed up. No sign of generalised 
eruption. 

Calf Experiments. 

April 9. — At the Animal Vaccine Establishment, Mr. Stott inoculated Calf No. 1 
(No. 4363) on two scarified patches, in twelve incisions on scrotum, and forty-four 
in perineum and on abdomen, with contents of two capillary tubes of glycerinated 
pulp prepared from vesicles of monkey. Incisions made Vith scalpel previously 
sterilised. 

April 12 (72 hours).— -Practically nothing to be seen. 

April 14 (120 hours). — All insertions on scrotum appear to have “taken,” 
and, in addition, four (not quite so well) on abdomen. Insertions on perineum 
seem to have failed. Large bullous-looking vesicle on upper scarified patch. 
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From tliis and from the vesicular lines on scrotum and abdomen collected pulp by 
scraping, after clamping with compression forceps. 

The same day (April 14), Calf IS'o. 2 (No. 4369 in A.Y.E. records) was 
inoculated on perineum, scrotum, and abdomen with material obtained from Calf 
No. 1. 

April 19.— All inoculated lines, with exception of two on abdomen, “taken” 
well, eruption being markedly vesicular. Yesieles clamped and scraped j pulp 
being immediately employed for inoculation of Calf No. 3 (No. 4673 in A.Y.E. 
records) in a number of long incisions on the perineum, scrotum, and abdomen. 

April 24:.--All lines of incision “taken” well,* eruption perfectly typical of 
vaccinia. 

From this calf, six children vaccinated at A.Y.E. same day. 

Map 1. — Children returned for inspection, in ordinary course. All vaccinations 
completely successful. Photographed arms of two of these children, which pre- 
sented most perfect eruption. 

About a month later I hunted up the parents of all six children, when I learnt 
from the mothers’ statements that in every case the vaccination had pursued a 
perfectly normal course. 


Second Series. 

March 3, 1900. — At the West Ham Borough Hospital, Dagenham, I removed 
small-pox vesicles from body of a man, set, 56, who had died 24 hours previously 
from semi-confluent form of disease. Material removed in test-tube and placed 
in ice-ehest. 

March 5. — After removal of some shreds of epithelium for histological pur- 
poses, the remainder (0*25 gramme) ground up with twice its weight of 60 per 
cent, solution of glycerine, and the greater portion stored in amber- coloured 
capillary tubes. The test-tube was afterwards swabbed out, and cover-glass speci- 
mens made for microscopical examination. 

With some of the glycerinated emulsion inoculated, at the Brown Institution, 
rhcBsus monkey (young female) on shaved area of back, about 3 inches by 2 inches, 
previously well washed with warm boric acid solution. Incisions twelve in 
number made “ en Schelon.” 

March 8. — Inoculation has evidently “ taken,” as tips of each incision are 
^tinctly raised, and whole prospect is that of a typical calf vaccination of about 
same age (72 hours). 

March 12. — Eruption beautifully perfect; edges of vesicular portion a little 
irregular, and centre of each line of incision occupied by commencing “ crust.” 
No general eruption visible. Two photographs taken. 

Bemoved lower half of vesicular area with sharp spoon (upper portion left in 
nrder to watch further development), and glycerinated resulting pulp. Material 
used for inoculating Monkey No. 2 and also a calf (No, 606). 

March 12 . — MonTcep No. 2 inoculated in fourteen incisions with glycerinated 
pulp from Monkey No. 1. Technique as before. 

March 19. — Eruption not so perfect as in Monkey No. 1. Yesieles not so 
defined and plump. Monkey very wild, and has made sites of incisions bleed by 
dashing from side to side of cage, which may be in some degree the cause. 
Photograph taken. Yesicular pulp removed and ground up with foqr times its 
weight of dilute glycerine. With some of this emulsion Monkep No. 3 (young 
male rheesus) inoculated same day in ten linear incisions on shaved area of 
back. 

March 26.— All msertions “taken” well. Photographed. Material collected 
and glycerinated, pulp being diluted about fifteen times, by mistake. Some used 
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for inoculation in twelve insertions of Monkey No, 4 (young male rlioesus) same 
day. 

April 2. — ^All places have ‘‘taken’* well, although material used for inoculation 
had been so diluted. Photographed. Tesicles scraped and pulp glycerinated. 

Calf Experiments. 

March 12. — Inoculated Calf Ko. 1 in half dozen long linear incisions by method 
usually employed in current vaccinations at Gfovernment Establishment, with 
glycerinated pulp from Monkey Ifo. 1. 

March 16, — ^Lines of incision slightly raised and red, 

March 17. — Dr. Premlin found few small vesicles had developed. These he 
clamped, inserting material obtained thereby on Calf No. 2. 

March 21. — There were evident signs of “ taking ” at all po nts of insertion, 
the lines of incision being elevated and with a tendency to vesiculation. But 
appearances not considered sufficiently typical to permit of material removed being 
utilised for vaccination of children. 

At this point, owing to unforeseen circumstances, this particular series of 
experiments was discontinued. 


Thied Seeies. 

Fehruary 25, 1901. — At the Jenner Institute inoculated medium-sized macaque 
monkey with small-pox emulsion, made by working up scrapings from P.M. cases 
of the disease (received from Dr. Thomson, of the Belvedere Hospital, Glasgow), 
in a small amount of pure glycerine. Technique as in previous experiments. 
Incisions made on the monkey’s back with blunt scalpel, which had lost its temper 
by constant passing through the dame, so that all incisions did not apparently 
penetrate to the true skin. 

March 4. — “Taken** well, though not throughout all insertions as in first 
monkey of the last series, but as failure had only occurred where there was no 
mark of incision, it was probably for reason mentioned above, as the eruption 
which had appeared was good. Not markedly vesicular ; lines of incision which 
were covered with slight crust being surrounded by a pinkish papular eruption. 
Photograph taken. # 

Scraped with aid of compression forceps, and rubbed up material in small 
amount of NaOl 0*7 per cent, solution. 

Monkey No. 2 ^inoculated this day, with emulsion of scrapings from Monkey 
No. 1. Technique as before. 

March 16. — ^All insertions “ taken ” 5 slightly more vesicular than in No. 1. 
Photographed. Compression forceps applied and scrapings removed and rubbed 
up in small mortar with NaOl solution. 

Monkey No. 3 inoculated immediately, on the back, with emulsion of material 
•obtained from No. 2. Animal very young ; hair downy and not easily shaved. 

March 18. — All ‘ insertions have “ taken ” and have wide whitish vesicular 
margin, but appearance rather spoiled as hair on back has grown so rapidly. 
Lymph oozed up when compression forceps applied. Photographed. Scrapings 
rubbed up with NaOl solution, of which small quantity was used immediately for 
inoculation of Monkey No. 4. Remainder glycerinated, tubed and stored in ice- 
chest for future trial on calf. 

March 23. — ^Monkey No. 4, an old animal, had not apparently taken as well as 
No. 3, so series was discontinued. 

April 20. — ^Monkey No. 3 vaccinated in six incisions on outside of thigh with, 
current vaccine lymph of known potency. 
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AfrU 27. "So result, although monkeys not previously protected take vaccinia aa 

successfully as in the human subject.* 

Calf ’Experiments^ 

Ma^ch 22. — Calf Ho. 1 (1332), at the G-orernment Animal Vaccine Establish* 
ment, inoculated with small quantity of glycerinatecl emulsion of vesicular pulp, 
from Monkey No. 3. 

March 27. — ^Tiny papules and vesicles which had made [their appearance along 
lines of incisions removed with Volkmann*s spoon and glycerinated. 

March 29. — Material collected on March 27 inserted into three long incisions on 
Calf No. 2 (13^.2). 

April 3. — Fifth day. Lines of all three incisions occupied by good vesicles. 
Photograph taken by Dr. Green. Vesicle pulp (0*37 gramme) removed and 
glycerinated. 

April 24.— Calf No. 3 (1390), inoculated (with portion of material collected on 
April 3) in thirty-six incisions on abdomen and scrotum. 

AprU 29. — All insertions had “taken” well, vesicles surrounded with slight 
pink areola. Vesicles scraped and pulp glycerinated. Emulsion stored in ice- 
chest. 

October 3. — Four c.c. of this emulsion used for vaccination of calf at the Jenner 
Institute, by numerous linear incisions extending nearly whole length of abdomen, 
after manner usually employed at Government stations. 

October 8. — ^Appearance indistinguishable from normal vaccination. 63 grammea 
of vesicle pulp collected and glycerinated. 

The glycerinated emulsion prepared from material removed from the calf on 
October 8 wae subsequently employed for the vaccination of other calves, a strain 
of lymph being thus obtained which continued to give excellent results both on 
children and calves. But the strain was never brought into general use, and all 
the glycerinated emulsion remaining was eventually destroyed. 

Fotjeth Sbeies. 

AprU 29, 1901. — At the Jenner Institute young rhoesus monkey shaved on back,^ 
as in previous experiments, and inoculated in a dozen linear incisions with glyoeri- 
nated emulsion of S.P. vesicle pulp received from Dr. Thomson, of the Belvedere 
Bjospital, Glasgow, on March 26, 1901. 

April 2 (120 hours). — B[ad “ taken” so well that I decided to collect; lines of 
mririon distinctly vesicular. After taking photo, washed inoculated area, and 
removed pulp with aid of clamp forceps. Thin lines of altered epithelium came 
off as in a good calf vaccination. No “ crusting.” 

Monkey No. 2 inoculated same day with material obtained as above and subse- 
quently triturated in small glass mortar with small quantity of equal parts of 
glycerine and normal saline solution. 

May 9 (120 hours ). — ^Every insertion “taken” successfully. More markedly 
vesicular in places than Monkey No. 1. Photograph taken, followed by usual 
process of collection and glycerination af vesicle pulp. 

Monkey No. 3 inoculated ou back in eight diagonal incisions. Emulsion remain- 
ing over taken up into capillary tubes, of , which two given to Dr. Fremlin for trial 
on calf at A.V.E. on May 15. 

May 13 (120 hours ), — Eruption of perfectly vesicular character along course of 
all incisions made, the centre in each instance being occupied by thin linear crust. 

* Copeman, 'Journal of Pathology and Bacteriology,’ May, 1894. 
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Drs. Blaxall and iFremlin, on seeing the animal, both described eruption as being 
equal to that which in case of calf vaccination ’.vould be entered in official records 
as T.g. (very good). Monkey photographed and vesicle pulp collected and glyceri- 
nated. Portion of emulsion used same day for inoculation of Monkey No. 4. 
Another portion handed over to Dr. Fremlin for trial on calf at A.Y.E, 

May 18. —Monkey No. 4 ** taken ” well. Tesicle pulp collected, emulsified, 
tubed and stored in ice-chest. 

Series not continued beyond this stage, as laboratory man had failed in attempts 
to obtain further supply of young rhcesus monkeys. 

Calf "Experiments^ 

May 8, — ^Emulsion of vesicle pulp from Monkey No. 1, used at A.y.E. for 
inoculation of Calf No. 1418. 

May 18. — Dr. Blaxall noted No vesiculation, slight thickening in one line.** 

May 15. — Material from Monkeys No. 2 and No. 3, inoculated on calves at 
A.VJE. by Dr. Eremlin. 

May 20.-r‘Both calves had “ taken *’ to a certain extent, the result being most 
marked in calf inoculated from Monkey No. 3. Material collected, glycerinated, 
and stored. Portion subsequently handed to Medical Director of Jenner Institute 
for further trial. 

May 26. — Inoculated calf at A.V.E. with emulsion of second removal froa 
Monkey No. 3. 

May 31. — Perfect vesicular eruption along course of aU incisions. General 
effect indistinguishable from that obtained with the current vaccine lymph of the 
Government Establishment. 

In view of successful results following on vaccination of children with former 
lymph stocks raised in similar fashion, it appeared unnecessary to employ this 
particular lymph for infantile vaccinations. But on vaccinating my own arm with 
it direct from the calf, I succeeded in raising by the eighth day a fairly typical 
vesicle, an effect in excess of that obtained by me on my own person at previous 
attmnpts at vaccination. 

No further transference of this lymph was attempted. 

My first series of experiments had not long been concluded', when 
I came across a reference to an account of similar work which had 
been carried out by Dr. Eilerts de Haan. The reference occurred in 
a paper by Dr. Bruno Galli-V alerio,* and on hunting up Dr. de Haan*s 
original paper, which is entitled, “ Yaccine et E4trovaccine ^ Batavia,” t 
I found that it contained an account of a lengthy series of experi- 
ments on the variolation of monkeys and on the transference of the* 
resulting affection to calves. 

Dr. de Haan’s work prSved of special interest to me for the reason 
that, quite independently, we had been able to corroborate one 
anothers* work, except as regards the transference of the strain of 
variola vaccine to the human subject — a final test which Dr. Eilerts 
de Haan did not, as he says, feel justified in attempting, in view of the 
unfortunate experience of Chauveau, in connection with his abortive ' 

* ‘ Ceutralblatfc fur Bakteriologie,* March 28, 1899, p, 380 et 
f ‘ Annales de I’lnstitut Pasteur,* 1896, p. 169. 
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attempts at Yariolation of the cow. Dr. de Haaii’s own words may be 
quoted: — *‘Je reconnais qu’il manque ^ ma demonstration d’avoir 
rapporte la variole mitigee du singe sur Tliomme } c est une experience 
que je ne me suis pas cru en droit de faire. L experience de Chauveau 
enseigne a etre prudent, et je ne me croirais .autorise a faire cette 
tentative que si le vaccin ordinaire dont je me sers me manquait au 
moment d’une epidemie. Mais j’espere qu’on repetera mes experiences 
a ce sujet.” 

For the purpose of his experiments Dr. de Haan made use of the 
macaque monkey (MaatcMS cynomolgm), which is common in the 
Dutch East Indies, and therefore was readily obtainable. His inocula- 
tions were, in each instance, made on a portion of the animal’s back, 
which was first shaved and then cleansed with soap and water, 
followed by a solution of boric and salicylic acids. In his first 
series of variolations of the monkey, the small-pox lymph employed 
was obtained from a Javanese'* child, no statement however being 
made by him as to the age of the child, whether or not it had ever 
been vaccinated, or at what stage of- the disease the lymph was taken. 
Transferred to the monkey, this lymph gave- rise, in a week’s time, to 
well-marked vesicles at the' site of inoculation, while, in addition, 
a few papules were observed on the lips and the extremities. Seven 
subsequent primary variolations were, however, successfully carried 
but on monkeys, in only one of which was any evidence of generali- 
^tion observed. 

From the contents of the vesicles of the monkey first-mentioned, 
a second was inoculated, which in seven days developed vesicles at 
the inoculated points only. From this second monkey, in due course, 
a third animal was inoculated ; from this a fourth, and so on, through 
a series of seven monkeys. 

From the sixth monkey of this series, a calf was inoculated, which 
five days later presented an appearance indistinguishable from a 
typical vaccination. From the seventh monkey also, of the series, 
a calf was inoculated, with the result again, that after an interval of 
five days, perfect vaccine vesicles appeared at the site of each insertion 
of the lymph. From this calf another was vaccinated with complete 
success; 

In a second series of experiments, lymph- ^t the fourth remove, in 
the monkey, from human small-pox, gave rise to perfect vesicles when 
inserted on the skin of a calf, and the strain of vaccine lymph thus 
obtained was carried on successfully, through eight removes from calf 
to calf. Monkeys and calves all failed to react to subsequent inocu- 
lation with the strain of vaccine lymph in current use. 

The results of my own experiments may be briefly summarised as 
follows : — 
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In each of the separate series of experiments the human small-pox 
lymph or pulp was first inoculated directly on calves, and in every 
instance, so far as could he observed, with altogether negative results. 
But with monkeys success was as invariably obtained, and when, after 
one or more passages through this animal, the contents of the local 
inoculation vesicles were employed for insertion on the calf, an effect 
was now produced which, after two or three removes in that animal, 
was indistinguishable from typical vaccinia. 

Moreover, from the contents of vesicles raised in this manner on the 
calf, a number of children have, in turn, been vaccinated, some of 
whom were afterwards kept under observation for as long a period 
as a couple of months. 

Every such vaccination “ took ” normally, and in no case was any 
bad result subsequently observed by myself, or reported by the 
parents of the children ; no “ generalisation ” of the eruption occurs 
ring in any instance. 

In conclusion, I desire to call attention to the somewhat remarkable 
fact that a mild and strictly localised form of small-pos^ such as is 
induced in the monkey by the inoculation of material from cases of 
the generalised disease in man, should, when transferred to the calf, 
“ take ” readily with the production of a vesicular eruption of nonr 
infectious character in that animal, whereas it is well known that 
successful transference of small-pox direct from man to calf can only 
be accomplished with the utmost difficulty. 

The experimental results obtained in the course of the research, an 
account of which has been set out in this paper, all tend, then, to 
confirm the view that the vaccinia of Jenner’s time was derived, in all 
probability, from a comparatively mild form of human small-pox. 

In addition, I think it will be admitted that the work has afforded 
conclusive evidence of the essential identity of the virus of small-po:^ 
and cow-pox or vaccinia. 
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“ On the Similarity of the Short-period Pressure Yariation over 
Large Areas.” By Sir Noesian Lockter, K.C.B., P.E.S., and 
William J. S. L-ockyeb, M.A., Ph.D., F.E.A.S. Eeoeived 
October 18, — Eead December 4, 1902. 

[Plates 1 and 2.] 

In a paper presented in June last to the Society,* we pointed out 
the existence of a short-period oscillation of barometric pressure over 
the Indian area corresponding generally with a variation in the per- 
centage number of prominences recorded on the sun’s limb. This 
oscillation was further shown not to be limited to the Indian area, but 
to be marked at a far distant station, as Cordoba, in South America. 

The present paper, which is a continuation of this investigation, 
was undertaken to extend the research over a larger area. 

The monthly means of the pressure variations for each station have 
been divided as previously into two periods, namely, those months in 
which the pressures are above and those in which they are below the 
normal, the normal being the mean pressure for the whole period 
under investigation in each locality. 

In dealing with large areas, it happens that during the same period 
of time (that is generally but not invariably six months), the pressure 
is above the normal in some places, and below the normal in others ; 
the similarity of the curves representing the variation of the mean 
Jot this period, from year to year, indicates therefore that, in one case, 
a rise in the curve denotes that the pressure is higher, and, in the other, 
that the pressure is not so low as usual. 

The accompanying curve (Plate 1) illustrates the variations of pres- 
sure which have been analysed. Commencing with Indian pressures 
(as represented by Bombay) the area was gradually extended to Ceylon 
(Colombo), Java (Batavia), Mauritius, and finally to Australia (Perth, 
Adelaide and Sydney). 

In this set of curves about the same months are in question, so that 
the pressure variations refer in the northern hemisphere to the low 
pr^ure (summer) months, and in the southern hemisphere to the 
high pressure (winter) months. 

The striking similarity between these curves shows that over the 
whole of this area, which includes both north and south latitudes, the 
same kind of variations is in action, and that therefore the whole 
region is intimately connected meteorologically. 

It was indicated in our previous paper that the pressure of Cordoba, 
in South America, was the inverse of that of India for the same period. 
Since the Indian pressure variations are seen now to extend over a 

* On Some Phenomena which suggest a Short-Period of Solar and Meteoro- 
logical Changes.” ‘ Boy. Soc. Proc,/ vol. 70, p. 500. 





Lochyer mid Lockyer, 


I’m, Boy, Soe,, wl, 71, PI. 1. 


PROMINENCES 

200- 

ON SUN. 
(TACCHINI.) 

100 - 

PRESSURE. 

0- 

700 n 
600- 

[APR. -SEPT.] 

500- 

LOW PR. MTHS. 

400- 

BOMBAY. 

500- 

(INDIA.) 

200 • 

100 H 
29*7000 J 

PRESSURE. 

60- 

lAPRrSEPTj 

60- 

LOW PR. MTHS. 



COLOMBO . 29 -040 J 
(CEYLON.) 


1 1 7€^l *00 

PRESSURE. 


CJUNrOCTj 
HIGH PR. MTHS. 

BATAVIA. 

(JAVA.) 

PRESSURE. 

760*00 - 

769-00- 

30- 

so- 

lo- 

[may- OCT J 

HIGH PR. MTHS. 

100- 

MAURITIUS. 

90- 


80- 


70- 


30-060-J 


90-1 

PRESSURE. 

70 J 

[APRrflEPT] 

501 

HIGH PR. MTHS. Z0’\ 

PERTH. 

-110- 

(QAROENS.) 

90- 

(w. Ausre) 

70- 


30-060 

PRESSURE. 

£OOt 

lAPHrSEPTj 

HIGH PR. MTHS, 

I50H 

ADELAIDE. I 

(Australia.) 

lOoJ 

PRESSURE. 

SO-OSOn 

[Ap»^.-SEPt3 

HIGH PR. MTHS. 

E9-a60H 

SYDNEY. 1 

(AUSTRALIA.) 

•SSoJ 



Not $. — The vertical oontbuoue and broken lines represent the epochs of maxima and minima of sunspot activity. 




Lodcy&i' and Lochyer 


Free, Moy. Sor., voL 71, PI. 2. 


PROMiNENCElS . 

ON SUN , 
(TACCHINI) 

(SCALE INVERTED.) 


O- 

100 - 

E00< 


PRESSURE . 

[OCT,- MAR D 
HIGH PR.MTH3. 

BOMBAY , *900 

(INDIA) .910 

ISCAUE INVERTED:^3.990 

7S*800-t 

PRESSURE . 
[apr.-sept,] 

HIGH PR. MTH5. 

CORDOBA 

(S. AM ERICA) 


•700 H 


600H 


72-500 J 


PRESSURE. 30-100- 

[OCT.-MAR 2 
HIGH PR.MTH3. *050- 

MOBILE. 

<U. 6 .A.) -OOOJ 

PRESSURE. 30-130- 
[nov.-feb] -IOO- 

HIOHPR. MTHS. 'O®®' 

^ AO K aQMViyr£. 

(FLORIDA U. 8 .A^o.oeoJ 

PRESSURE . 30 -ioO-t 
Onov.-marJ 

HIQH PR. MTM6. 

PENSACOLA , .oao- 

(FLORIDA U&A) 30000-1 


PRESSURE. 30-000- 
IHov.-aprJ 
HiaH PR. MTHfl. -aao' 

SAN DIEQO. 

<OAU.U.S*A.) £ 9 - 900 - 



iyofe,-^Th§ v*tioal continuous and broken lines represent tiie epochs of maxima and minima of sunspot activity. 



1902.] Short-period Pressure Variation over Large Areas, 135 

region on both sides of the equator, it was important to study the 
extent of the region in the New World in which pressure variations 
similar to those of Cordoba had been recorded. 

As Cordoba represents an area south of the equator, a portion of 
the United States of America was taken as t 3 q)ifying ;an area with 
north latitude and in about the same longitude, and a commencement 
was made along the lowest available parallel of latitude. This was 
rendered possible by the kindness of Professor P. Bigelow, of the 
Weather Bureau, who very generously forwarded proof-sheets of a 
new reduction of the pressures of many stations. We wish to take 
this opportunity of expressing to him our best thanks. 

Treating these pressures in the same way as those formerly in- 
vestigated in the Indian region, several stations which had the best 
record were chosen. A graphical representation of the variations of 
four of these stations (Mobile, Alabama ; Jacksonville and Pensacola, 
Plorida ; San Diego, California) is given in Plate 2, and for the sake 
of comparison the pressure of Cordoba, with the inverted curves 
representing the Bombay pressure and solar prominence variation. 
This series of curves refers in all cases to the variations of the means 
of the high pressure (winter) months (October to March in most cases). 
At Cordoba, which has a southern latitude, the high pressure months 
extend from April to September. 

The result of the comparison shows that in this region of the world 
Ve have a large area, the pressure variations of which are strikingly 
similar to, but are the inverse of, those recorded in nearly the anti- 
podal part of the globe. 

The facts observed are so suggestive that we are continuing the 
inquiry by collecting and discussing observations made in other areas. 

Although the general agreement between the two main sets of 
curves is most striking, there are minor differences which probably, 
as stated in the previous paper, will eventually help us to determine 
those cases in which the prominence effects on pressure are masked 
by some special local conditions. It may be added that the available 
observations of prominences refer more directly to their quantity than 
to their intensity. 

We wish to express our thanks to Mr. W. N. Shaw, P.E.S., who kindly 
placed the records of the Meteorological Office at our disposal \ and to 
Mr, Hodgson, who has, extracted the requisite data from the available 
records of pressure, and constructed some of the curves. 
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“ On the Vibrations and Stability of a Gravitating Planet.” By 
J. H. Jeans, B.A., Isaac Newton Student and Fellow of 
Trinity College, Cambridge. Communicated by Professor 
G. H, Daewin, F.E.S. Eeceived November 8, — ^Eead Decem- 
ber 4, 1902. 

(Abstract.) 

The first part of the paper deals with the vibrations and stability of 
a -gravitating elastic sphere. The matter is not necessarily homo- 
geneous, but is arranged in spherical layers. It is pointed out that,, 
in the classical investigation of the displacements produced in a gravi- 
tating sphere by given surface-forces, the most important of the gravi- 
tational terms is omitted. The efiect of this omission is to necessitate 
a correction, and this may entirely invalidate the solution when we are 
dealing with spheres of the size of the earth or other planets. In fact, 
lib appears that for a gravitating solid of the kind we are discussing the 
spherical configuration may be one of unstable eguilihrium^ the instability 
being brought about by the gravitational terms in the manner already 
explained in a former paper.* 

Let a be the radius of the sphere, and y be the gravitation constant ; 
let Po be the mean density, and Xo the mean value of X, one of the 
elastic constants. A general argument shows that the spherical con- 
figuration will be stable or unstable according as 

< or > <t> {i}r 

Aq 

where ^ is a pure number which must be comparable with unity. 

If we put in an artificial field of force we can imagine a spherical 
configuration of equilibrium in which the density and elastic constants 
have uniform values throughout. The artificial field of force is, of 
course, equal and opposite to the gravitational field produced by the 
matter of the solid. The stability or instability is determined by a. 
criterion of the form of (i), and <j> can now be calculated exactly. If 
we suppose Xo to represent X 2p. in Love’s notation {m -h n in that 
of Thomson and Tait), we find the values 

== 1*6, when p. = 0, 

4> — 1*3, when p = A. 

The vibration through which instability first enters is one in which 
l^e displacement at every point is proportional to a harmonic of the 
order. It appears probable that for spheres which are not homo- 

^'The Stability of a Spherical Nebula” ^Phil. Trans.,’ A, vol. 199, p. 1. 
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geneous, but in which the density is greatest near the centre, the* 
values of will be greater than those just stated, but the critical 
vibration will still be such that the displacement is proportional to a 
first harmonic term. 

In the former paper, already referred to, the suggestion was put 
forward that the instability of a nebular sun or planet, which, upon 
the nebular hypothesis, is supposed ultimately to result in the ejection 
of a satellite, may be largely brought about by a gravitational 
tendency to instability of the Mnd just described. We take, for the 
moment, an extreme hypothesis, and imagine that this agency is the 
preponderating agency, and that the rotational tendency to instability 
may be disregarded in comparison. We then find that when the ejec* 
tion of a satellite is taking place, or has just been couipleted, the value 
of noLUst be nearly equal to 

Except for the changes which have occurred since the consolidation 
of the planets, the solar system supplies material for testing this con- 
clusion. When a number of planets of varying masses have thrown 
off satellites, we find (upon our present extreme hypothesis) that the 
masses ought to be proportional to the sqitares of the radii. It is 
found that this law is approximately obeyed in the solar system. It 
is further found that the absolute values of the masses and radii are 
approximately such as would be expected. 

It is interesting to compare two extreme hypotheses, the first refer- 
the phenomena of planetary evolution solely to rotational, the 
second solely to gravitational, instability. Given the approximate 
values of the density and elasticity of a planet, and the fact that this 
planet has thrown off a satellite ; then the former hypothesis leads to a 
certain inference as to the angular momentum of the system, the 
latter to an inference as to the radius of the primary. The former 
leads to no inference at all as to the size of planets which are to be 
expected — ^they are as likely to be of the size of billiard-balls as of the 
size of the planets of our system — ^while the latter leads to no inference 
as ro the angular mofnentum of the system, but presupposes it to be 
small. The contention of the present paper is that the inferences which 
are drawn from the former hypothesis are not borne out by observation 
on the planets of our system, while those which are drawn from the 
latter are borne out as closely as could be expected. The true hypo- 
thesis must of necessity lie somewhere between the two extreme 
which we are comparing, but the evidence seems to show that it is 
much nearer to the latter (gravitational) than to the former (rota- 
tional). 

We next consider a number of questions connected with the figure 
of the earth. Jt seems to be almost certain that the pr^nt elastic 
constants of the earth are such that a state of spherical symmetry 
would be one of stable equilibrium. On the other hand, if we look 
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backwards through the history of our planet, we probably come to a 
time when the rigidity was so small that the stable configuration of 
equilibrium would be unsymmetrical. At this time the earth would 
be pear-shaped, and the transition to the present approximately 
spherical form would take place through a series of ruptures. It is 
suggested that the earth, in spite of this series of ruptures, still retains 
traces of a pear-shaped configuration. Such a configuration would possess 
a single axis of symmetry, and this, it is suggested, is an axis which 
meets the earth’s surface somewhere in the neighbourhood of England 
{or possibly some hundreds of miles to the south-west of England). 
Starting from England, we find that England is at the centre of a 
hemisphere which is practically all land : this would be the blunt end 
of our pear. Bounding the hemisphere we have a great circle of which 
England is the pole, and it is over this circle that earthquakes and 
volcanoes are of most frequent occurrence. Now, if we suppose our 
pear contracting to a spherical shape, we notice that it would probably 
be in the neighbourhood of its equator that the changes in curvature 
and the relative displacements would be greatest, and hence we should 
oxpect to find earthquakes and volcanoes in greatest numbers near to 
this circle. Passing still further from England we come to a great 
region of deep sea^ — ^the Pacific, South Atlantic, and Indian oceans : 
these may mark the place where the ‘‘waist” of the pear occurred. 
Lastly, we come almost at the antipodes of England to the Aus- 
tralian continent: this may mark the remains of the stalk-end of 
the pear. 


Experiments on the Effect of Mineral Starvation on the Para- 
sitism of the Uredine Eungus, Puccinia dis^persa, on species of 
Promus:' By H. Marshall Ward, Sc.D., E.RS., Professor of 
Botany in the University of Cambridge. Received Novem- 
ber 4, — Read November 27, 1902. 

I have shown in previous publications that the parasitic Uredine 
Puccinia dispersa, growing on grasses of the genus Bromus, is usually 
very closely adapted to the species of host-plant selected: that 
althoi^h no morphological differences can be detected between the 
fungus as met with on different species of Bromus — A, B, C, &c. — it by 
no means follows that spores from the parasite, as found growing on A, 
will infect B or 0, or that spores from the fungus as reared on B or C 
will infect the species A. 

On the Whole, it has so far appeared probable that the fungus 
growing ©n a given species — e.g., B, infects most readily those 
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species which are most nearly related to B, mollis^ less and less readily 
species more remote from B. mollis^ but in the same sub-genus, and 
least readily, or not at all, species in other sub-genera. 

In the attempt to obtain some insight into what causes are at the 
bottom of this remarkable phenomenon — the predisposition to, or 
immunity from, infection of the host by the parasite — ^it was shown 
that anatomical dilferenees on the part of the host-plants, such as the 
sizes and numbers of stomata, hairs, and so forth, do not suffice to 
explain it, since no relation could be detected between the curves 
expressing the percentage of infection and those expressing the sizes, 
numbers, &c., of the hairs, stomata, &c. 

On the other hand, the evidence suggested some such assumption 
as the following. The fungus, when growing on a species of Bromus A, 
may refuse to infect another species B, either because B secretes some 
body of the nature of ^n enzyme or anti-toxin which effectually 
keeps the mycelium of the fungus at bay, or because the fungus 
habituated to the peculiar nutritive or other conditions afforded it by 
the host-plant A, cannot immediately adapt itself to the very different 
conditions offered by the species B. 

Although the attempts to isolate any such anti-toxin failed, and 
experiments of a preliminary character to test the effect of differences 
of nutrition yielded little or nothing of a positive nature, I showed in 
the discussion of the probable factors concerned that some subtle 
relations between host and parasite must be assumed to account for 
the curious facts of immunity and predisposition on the part of the 
former, and of capacity and incapacity for infection on the part of the 
latter, in each case in various degrees according to the species of host 
-offered for infection, or on which the fungus has hitherto been 
reared. 

During the past year I have attempted to pursue this subject 
further, and limit myself for the present to the following theme. If 
the varying infective power of the fungus towards different species of 
hc^t-plant is derived solely from the “ nutritive conditions ” afforded 
it by the host-plant it has hitherto been growing upon, two cases are 
possible — (1) these “ nutritive conditions ” may be simply the expression 
of the power of the tissues to yield certain food-substances to the 
parasite in proper proportions and in sufficient quantity, or (2) they 
may imply some more subtle relations between the mycelium of the 
fungus and the living contents of the host-cells. For instance, it may 
be not sufficient that the food-substances suitable to the fungus shouM 
exist 'in the cells of the host, but they must be there in a certain 
superabundance, or presented in a certain manner, and so on ; or, it 
may be that the fungus must be vigorous up to a certain standard 
before it can obtain a hold on such food, and so on. 

In order to test some of the possibilities here referred to I planned 
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experiments to see whether starving the host-plant of one or other 
of its necessary food-materials would (1) ajffect its predisposition to 
infection, or (2) aifect the capacity for infection of the fungus grown 
on the starved plants, or (3) in any other way affect the fungus or its 
host. 

On July 7, 1902, fourteen beakers were selected and filled with 
equal quantities of a clean coarse-grey sand, carefully washed and dried, 
but still containing traces of ingredients which the root-hairs of such 
grasses as the Bromes are capable of selecting. This was not to be 
avoided or regretted, since my object was not to attempt to grow seed- 
lings totally deprived of necessary salts, resulting in their premature, 
death, but to bring up plants so starved of certain such ingredients 
that while they could go on living long enough for the purposes of 
the experiment, they would nevertheless exhibit the effects of the 
deficiency, and possibly re-act on the parasite. 

The beakers of sand were lettered A to 0, and treated as follows : — 
The beaker A received 200 c.c. of distilled water only, so that the 
only mineral supplies available to the seedlings — after exhausting the 
traces in the endosperm — would be such as the root-hairs could dis- 
solve from the sand grains. Another beaker received an equal 
quantity of a cold water-extract of fresh horse-dung, representing a 
liquid of high manurial value. A third beaker received an equal 
quantity of a normal nutritive mineral solution containing nitrates, 
phosphates, and sulphates of potassium, cakium and magnesium ; and 
a fourth the same with the addition of five drops of a dilute solution 
dE ferric chloric. 

One each of the remaining beakers received a similar solution of the 
nutritive salts, but in each case with the omission of one element, 
viz. : calcium, magnesium, nitrogen, phosphorous, or potassium ; while 
the other beaker of each pair received the same, together with traces 
of iron salt. 

By these means I had prepared a soil in each beaker which was of 
suitable consistency for growing such sand-loving grasses as Bromes, 
but which was in each case deficient in one or other of the necessary 
ingredients for normal nutrition— except in so far as I added such in- 
gredients — ^but in no case absolutely devoid of these necessary salts, 
as otherwise the seedlings could not be expected to live long enough 
for the purposes of the experiment. 

On July 8. having allowed the solutions to soak completely into 
the sand, seven grains of JBromus secalinus, carefully cleaned and 
selected, were sown in each beaker, and the whole left under large 
bell-jars to germinate in a suitably lighted position in the laboratory* 
sGermination followed in due course, though somewhat slowly, as the 
pand was rather wet, and on July 15, from two to five seedlings about 
30 — 50 mm. high were showing above ground in each beaker except 
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one, and the whole were now placed in a sheltered situation in the 
open, the bell-jars being raised on large blocks so that their rims just 
covered the rims of the beakers ; thus permitting a free circulation of 
air, but protecting the whole from beating winds or rain. An awning 
was also provided, and carefully adjusted during hot days as necessary. 
Orowth proceeded fairly rapidly, though of course some retardation was 
inevitable owing to the impervious nature of the beakers as con- 
trasted with pots having porous sides, and by July 18 each beaker 
had from two to seven satisfactory seedlings. 

On July 23, ten of the beakers had from five to seven excellent 
seedlings each : three had but four each, and one had only two suc- 
cessful seedlings. So far there was but little difference observable 
between the different seedlings, each of which was unfolding its third 
leaf. Nevertheless, there was evidence that the stores of food- 
materials in the indosperm were now being exhausted, and that the 
root-system was beginning to feel the effects of the differences in 
mineral supplies. Consequently, I fished out the remains of dead 
or un-germinated grains, and proceeded to infect certain of the seed- 
lings in each beaker with Uredo-spores of Puccinm dispm'sa obtained 
from Bromus sgmrrosus. This species was selected because I had an 
abundant stock of vigorous spores at hand, and had already satisfied 
myself that they readily infect Bromics secalinus. 

The infection was effected by placing equal doses of the fresh spores 
on each leaf chosen ; the bell-jars were then lowered in order to keep 
the plants in a moist atmosphere for 24 hours, and then raised again 
on blocks for another 24 hours, after which the bell-jars were removed 
each morning, and only replaced at night or during rain. 

The results of infection were already evident on one or two plants,^ 
on July 31 and August 1, increasingly so on August 3, and by 
August 5 the pustules were as prominent as they ever became 
during the period of the experiment — Le., up to August 29 — except in 
so far as some of the larger ones ran together or produced more 
spores. 

The results are summarised in Table I, but it should be noted that 
it has been impossible to compress into the table the details of the 
observations from day to day as to the stature, robustness, colour, 
number and breadth of leaves and so on, or as to the rate of develop- 
ment of the plants and of the fiecks .and pustules of the parasite. 

In order that the reader may gather an impression of the appear- 
ance of these seedlings during the progress of the experiment, how- 
ever, I append photographs* of one set of the beakers in fig. 1, and of 
a representative series of the plants themselves, carefully extracted 

* I liaTe to thaitk my son, F. K, Ward, for the preparation of these photo- 
graphs. 
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from the loose sand in water and the roots washed and displayed on 
black paper (fig. 2) ; while in fig. 3 are appended other representative 
specimens, similarly carefully extracted and washed and displayed 
with the roots on black paper, and the shoots on white paper. 



1. — Specimen from Experiment 47 (Table I), photographed 44i days after 
sowing, showing differences in stature and breadth of leaf. The plants in A 
had received distilled water only j in B nutritive solution minus phosphorus j 
in E no nitrogen ; in K no magnesia, and with five drops of ferric chloride ; 
in S’ normal mineral solution with iron salts. Ii had no nitrogen, hut five 
drops of iron solution. 

The facts recorded in this table and in the legend to these figures 
$peak for themselves, but the following details may be noted. 

The effects of the deficiency of all salts (A) of phosphorus (B) and 
of nitrogen (E) are distinctly observable in the poor development of 
the roots, as well as of the feeble and narrow leaves ; but although 
the opposite effects of the rich manurial action of the horse-dung 
decoction (0) and the normal mineral solution (G) are plain, the 
differential results of the solutions minus calcium and potassium are 
by no means obvious, nor did the addition of the five drops of dilute 
ferric chloride seem to make much difference. 

Apart from an error in regard to the calcium (c, Table I), I attribute 
this to the circumstance that it is extremely difficult to starve such 
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psammopHlous plants as tte Bromes of the minute quantities of these 
elements needed for their growth ; the root-hairs appear to be able to 



obtain traces of these substances from the grains of sand, and it would 
be necessary to repeat the experiments with some other medium — 
perhaps precipitated silica or pure quartz— to obtain through starya- 
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tion of these elem.ents, a result not wished for in the present con- 
Election. 



But although the differences in size were not obvious in these 
cases, the magnesium-starved seedlings exhibited some effects which 
can only have been due to lack of supplies, viz. : the tips of the leaves 





Table I. — Exp. 47. Seedlings of Bromm secalinus^ sown in coarse cleaned Sand in Beakers, to which closes of Nutritive Salts were added on July 7, 1902. On July 23, infected 1st and 2nd Leaves with Spores from Bromus sqmrrosiis. 
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were apt to show early yellowing and withering, as well as some 
degree of stunting. 

When we come to examine the results of infection, it is clear that 
no great differences were observable between the various seedlings. 
The first flecks — pale patches indicating the presence of the fungifc 
in the tissues— were visible on July 31 and August 1, that is to say, on 
the eighth or ninth day after infection, and by August 3 pustules 
were developed on all the plants except those starved of phosphorus, 
while two days later even these were definitely pustuled in one of tHe 
two beakers (^, Table I), though the other remained free of them to 
the end (6, Table I). As will be seen from further experiments, how- 
ever, we can lay no stress on this latter case, and must conclude 
that : — Lack of minerals in no way secured immunity from infection^ though 
seedlings deficient in phosphorus m' in nitrogen tended to show retardation of 
infection. 

Wien we look into the matter from another point of view, however, 
the conclusion seems inevitable that there are considerable differences 
in the quantity of fungus mycelium, and consequently of Uredo-spores, 
developed from the latter, which the various seedlings were able te 
support. 

Taking the extreme cases, and comparing the sizes of the infected 
areas on the phosphorus-free plants (A, Table I) and those qn the plants 
supplied with normal mineral solution {g and n, Table I), the latter 
were found to be much the larger, and similarly with the pustules 
themselves : the numerous large well-developed pustules on g and n 
bore many hundred times as many spores as did the few small pustules 
on /, and similar results were observable in less marked degrees on 
others. It must therefore be concluded that : — Mineral darmiion 
makes itself felt quantitatively in the number of uredospores which can be 
produced by the fungus in the tissues of the starved leaves. 

Now arose an important question : — Are the spores on the small 
starved pustules in any way different from those produced by the 
large well-developed pustules of normal or richly-manimed plants 1 
For instance, can any differences in size, colour, or marking, or in 
capacity for germination, be detected in spores from the small and few 
pustules of a, A, or I (Table I), and those from the large well- 
developed pustules of 71, or a ? 

As regards the morphological features, direct examination showed 
that no differences were to be detected ; the properly ripened spores 
in all cases were normal. 

As regards their capacity for germination, I proved by sowing them 
in separate watch-glasses of distilled water that in every case the pus- 
tules yielded spores capable of normal germination^ and that in proportions 
%dhich showed no relation to the degree or kind of starvation of the seedling 
wimh bore them (see Table II, col. 4). 

VOL. LXXI. 
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It now remained to test the further ques- 
tion : — Axb such spores equally capable of 
infecting other seedlings ? 

In order to test the capacity for infection, 
or virulence, of the spores developed on the 
experimental plants, I employed tube-cul- 
tures of seedlings as described in a previous 
communication,* with a slight mo(hfication 
in detail, as follows (see fig. 4) : — 

Picked grains of Bromus secalinus were 
sown singly in test-tubes of sand, to which 
the normal mineral solution was added, and 
sterilised. When the seedlings were well up, 
and nine days old, on August 14, each having 
one good green leaf, a sowing was made on 
each from the nredo pustules on one of the 
plants of Experiment 47 (Table I), as shown 
in the annexed tabular summary (p. 147). 

It will -be seen that in every case the 
results of infection were positive. Those 
spores which had been reared on seedlings 
starved of phosphorus (A), and on those 
starved of aU salts (a), were behind the 
others in their rapidity of effect; but we 
cannot lay much stress on this, because the 
same was true of spores reared on what 
should have been the calcium-starved plants 
(c), which accidentally received a dose of 
calcium by mistake. On the other hand, the 
most vigorous spores were those reared on 
plants to which horse-dung decoction had 
been added, 

I am not disposed to lay stress on these 
latter points, however, but am content at 
present to regard the positive results as 
amounting to proof that even when 

reared on starved seedlings are capalle of normal 
germination and infection when fflac^ on the 
leaves of other — Twrrnal — seedlings, 

A second experimental series of sand- 
cultures was started on July 10, 190^, in 
sixteen beakers, arranged as before, but with 
the following differences in detail. The sand 
used was a finer and whiter silver sand, 


♦ On Pure Cultures of a Uredine,” * Proc. Eoy. Soc./ vol. 59, p. 451. 



Table IL— Exp. 60. TesUubes of Sand + Normal Solution, each with a Seedling of S. secaUnus, sown August 6. 

Infected August 14 with Spores of Exp. 47 (B. seaMmis), 
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* Blit note Ca added by error on July 18 (see 47). 
t Three minute batches ; too small to see when iDut on leaf. 
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chemically purified by acid and washing, and stronger doses of the 
mineral solution were employed- Each beaker received an equal 
weight of the sand (1500 gr.), and of soluton (300 c.c.), and 8 grains 
of a species of BromuSy received under the name of B. penduUnus, 
were sown in each. This species — which differs little, if at all, from 
B. patulus — has been thoroughly investigated with regard to its 
predisposition to attack by the uredo of Puccinia dispersa^ and was 
chosen because it has proved to* be the most sensitive to infection of 
all the forms I have in culture. The grains were hand-picked and 
clean, but were not specially sterilised in any way. 

The beakers were treated as before, and on July 15 seedlings were 
showing in all but one of the beakers, and by the 18th each of 
thirteen had from seven to eight seedlings, two had four each, and one 
none. By July 30 every beaker had from six to eight excellent seed- 
lings, except one, and this remained barren to the end, possibly owing 
to drowning of the grains, or too deep sowing. 

By this date there were marked differences in stature, and some in 
colour, between the various pairs of sets ; the smaller seedlings in the 
beakers deprived of all added salts, or deficient in nitrogen or in 
phosphorus being particularly noticeable. Not only were the leaves 
of these fewer and shorter but also narrower, and the whole plantlet 
looked feebler in each case than corresponding specimens in other 
beakers. Most of the latter had three or four leaves fully expanded, 
with* the fourth or fifth just peeping through, but these feebler seed- 
lings only showed two mature leaves and a third one just beginning 
to unfold, or three leaves with as yet no signs of the fourth. 

On July 30 I infected, chiefly on the second leaf,* with Uredo- 
spores of the fungus grown on Bromus paMvs, a form known from 
experiments to infect this species of seedling very readily. The in- 
fected plants were then placed under moist bell-jars, lifted in due 
course, and treated as before. 

On August 8 several of the plants showed pustules, indicating 
successful infection, and by August 12 it was possible to estirdate the 
degree of attack in each case, and to compare the relative virulence or 
vigour of the pustules and spores developed. 

The essential facts are summarised in Table III. 

Here, again, certain concordant facts come prominently to light. 
As before the infection is generally successful on just those plants, and 
at just those spots where the inoculation occurred. In the apparent 
exceptions (e.^., in g and i, Table HI), I have no reason to doubt that 
the extra-infection was due to the almost unavoidable spluttering of 
spores, or the contact of inoculated leaves with others, a particularly 
easily incurred danger with this extremely susceptible species. 


* In seTei*al cases the first and third leaves also. 





Table III. — ^Exp. No. 50. Seedlings of B, pmid^ims^ sown in fine cleaned Sand to which Nutritive Salts, &c., were added, as bAre^ m Beal:e^ Sown July 10, and Infected Jidy 30 with Scores from B.paitdus, 
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Control cultures have shown over and over again that these seedlings 
do not incur the disease unless the spores are placed on the leaves, 
and I cannot accept these one or two apparent exceptions as evidence 
for a spontaneous outbreak of the disease. 

The severity of the attack, as indicated by the size of the pustules 
and of the infected areas, and by the relative number 6f spores 
developed, followed much the same order as in the previous experi- 
ment, except that the nitrogen-free plants seemed to bear larger 
pustules than before. 

The minute and poorly-developed pustules on the seedlings starvf d 
of phosphorus Q and m, Table III) or of all minerals (a) were par- 
ticularly evident; as also were the severe attacks of the manured 
specimens. And, again, the magnesium-free seedlings showed pre- 
mature yellowing and withering of the leaf-tips. Again, also, there 
was decided retardation of infection pustules in the phosphorus-free, 
distilled water, and, to a less extent the magnesium-free specimens. 

But — again concordant — ^none of the plants were rendered immune 
fiom infection ; and, as will be seen in the sequel, all the pustules, 
however minute, yielded spores with normal morphological characters, 
and perfectly capable of germinating and of reinfecting other seedlings 
of the Bromus in question. 

Meanwhile, I had started a third complete series of sand-cultures of 
Bromus pendulinus, arranged as in the last seiies, but with two small 
variations in detail, viz., (1) in order to diminsh the risk of drowning 
or asphyxiating the seeds, I sunk a tall thistle-head funnel to the 
bottom of each beaker of sand, and poured the solution in each case 
down to the bottom of the beaker, allowing it to soak upwards and 
gradually moisten the upper layers from beneath; and (2) only 
5 grains of the Brome {B. pendulims) were sown in each beaker. 

The results were very good. The grains were sown July 23. On 
July 29 seedlings were up in all but three of the beakers. On August 1 
these also had seedlings showing, and by August 5 most of the seed- 
lings were 25 — 30 mm. or more high. 

On August 9 all but three of the beakers had four or five excellgnt 
seedlings, each with the second leaves showing, and the effects of the 
mineral starvation were beginning to be visible. 

In order to emphasise this effect, if possible, by preventing the 
further development of the second and later leaves at the expense of 
materials stored in the fint leaves, I now cut off the latter from each 
seedling with a pair of sharp fine scissors, and left the seedlings to 
grow further. During the next week the second leaf in each case 
attained its full size, and the third leaf began to appear ; and I now 
proceeded to devote this series of seedlings to test the effect of sowing 
the spores reared on the seedlings of the last series (see Table III), and 
which had been affected as to their nunibeis by the starving or other 
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treatment of the seedlings, on the leaves of the seedlings of this series, 
similarly starved or otherwise. 

As we have seen (Experiment series No. 4:7, Table I, and series 60, 
Table II), spores from a seedling starved of phosphorus, however few 
in number^ are perfectly capable of infecting the leaf of a normal seed- 
ling. Can such spores also infect anotl^er seedling similarly starved of 
phosphorus; and can spores reared on calcium-starved or nitrogen- 
starved seedlings, &c., infect seedlings similarly starved of calcium or of 
nitrogen respectively, and so on % 

On August 18, therefore, I infected the third leaf of each of several 
seedlings in each beaker of series 55 {Table IV) with the spores 
developed on the corresponding seedlings (which had been similarly 
treated) of series 50 (Table III). 

The results are summarised in Table IV. 

As the table shows, practically all the infections were successful, 
showing that not only does mineral starvation not prevent the develop- 
mmd of virulent spores on the seedling so starved — ^if the latter is 
inoculated with normal spores — ^but such starvation is also incapoMe of 
meapacitating the corre^onding seedling for infection by means of spores 
grown on similarly starved seedlings. 

We must therefore conclude for the present that (1) the starvation 

mineral food-substances, although it reduces the size of the host- 
plant and seriously diminishes the quantity of spores which the myce- 
lium can give rise to on its leaves, does not affect either the virulence 
of such spores or the predisposition to infection of the leaves of the 
Brome concerned. 

Moreover (2), in view of the results with the highly-manured seed- 
lings to which horse-dung decoction or normal mineral solution was 
added, it seems hopeless to expect that high cultivation of this kind 
will diminish the predisposUion of the plant to infection — or, what would 
amount to the same thing in practice — increase its resistance or confm^ 
immmity. 

The effects of manurial treatment are clearly quantitative only, so 
far as this qu^ion is concerned. 

If the host-plant is highly fed, its tissues yield more food materials 
for the fungus ; the latter can develope a larger mycelium, and pro- 
duce a larger crop of spores. But so long as the host-plant is capable 
of living at aU, it is a perfectly satisfactory prey for the fungus in i1^ 
tissues, so far as quality of fungus food is concerned. 

It seems to me that these results throw some new light on the prob 
lem of infection and parasitism, in so far as they bear out the view 
that the Uredine mycelium taxes the leaf — ^robs it of a share of its 
food-supplies — rather than destroys the protoplasmic machinery, at any 
rate during the vigorous period of growth and of production of TJredo- 
spores} and also in so far as they suggest that whatever may be the 





Table lY. — Exp. 55. Seedlings of i?. pmdtilmus in Beakers of Fine Sand, sown July 23. Infected the 3rd Leaf m Aiigirt 18 witfi Spop^ ol Bxp. ^ {S. 
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causes at work in the Kving cell which confer immunity or predisposition 
on the spec^/^ of host-plant, or which confer virulence or impotence on 
the spore, they lie deeper than nutrition, reminding us once more of 
the significant resemblances which, as I pointed out in a previous 
paper,* exist between the phenomena of infection and those of polli- 
nation. It is in the highest degree improbable that the pollen-tube of 
a given species. A, is incapable of growth in the style and the ovule of 
an allied species, B, simply because the tissues of B do not contain 
suitable food-materials, while the pollen-tube of a specie, C, readily 
fertilises a more distant species, D, simply because the latter does con- 
tain suitable nutritive materials, especially as in both cases we may be 
able to germinate such pollen in artificial sugar-solutions. 

All the evidence points to the existence, in the cells of the fimgus, 
of enzymes or toxins, or both, and in the cells of the host-plant of 
anti-toxins or similar substances, as the decisive factors in infection or 
immunity, although I have {is yet failed to isolate any such Ixxiies. 

Moreover, I regard the results here given as furnishing strong evi- 
dence, on the whole, against any hypothesis which assumes the exist- 
ence of a latent or lurking source of disease in the plants them^lves, 
and as supporting the view that every patch of pustules originates 
from a definite infection spot due to the entrance of a germ-tube from 
a spore'which has there germinated on the leaf. 

* * Proc. Camb. Phil. Soc.,’ vol. 11, part 5, p. 307. 


VOr^ LXXI. 
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“ Au Experimental Determination of the Variation of the Critical 
Velocity of Water with Temperature.” By E. G. Coker, 
M.A. (Cantab.), D.Sc. (Edin.), Assistant Professor of Civil 
Engineering, and S. B. Clement, B.Sc., Demonstrator of Civil 
Engineering, both of McGill University, Montreal. Commu- 
nicated by Professor Osborne Eeynolds, F.E.S. Eeceived 
July 16, — Eead November 20, 1902. 

(Abstract.) 

The change from stream-line to eddy motion in water was first 
examined by Osborne Eeynolds, who in his earlier experiments, intro- 
duced colour-bands into a glass pipe in which water was fliowing, tO' 
indicate the change in the motion, and later observed the resistance 
encountered in pipes over a great range of velocities. 

The results of these experiments, and a consideration of the equations 
of motion, enabled him to express the laws relating to the critical 
velocity of water in pipes by the exceedingly simple equation 

rp 

where Vc is the critical velocity of water, r is the radius of the pipe, p is 
the viscosity of the water, p is the density, and k is some constant. 

In the original experiments the range of temperature was very 
limited, and it was pointed out that “ it would be desirable to make 
experiments at higher temperature, but there were great difficulties 
about this, which caused me, at all events for the time, to the 
attempt.” It does not appear that such experiments have since been 
made, and although the difficulties were great, it was resolved to 
tot the law through a much greater range than had hitherto been 
^tempted. 

Preliminary experiments showed that at temperatures beyond 50° 0. 
the losses due to conduction and radiation were large, and that 
elaborate arrangements would be required to obtain reliable results. It 
WM therefore decided to determine the variation of the critical velocity 
OTK- a range extending from about 4° C. to 50° 0., which seemed to be 
soffieimit as a tot of the law, and, with ordinary precautions, only 
noGcsritated small corrections for the effects of conduction and radia- 
tion. T%e r^tanee method used by Osborne Eeynolds in his later 
e^mimmits was employed, the arrangement only differing from his in 
such as the use of pressure chambers giving a continuous 
opening at the ends of the f-ineh-pipe examined, the employment of an 
inverted U-tube for measuring the pressures, and the weighing of the 
dkcharge. 
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Numerous experiments at different temperatures were made when 
stream-line motion was maintained in the pipe, and the relation of 
velocity to slope of pressure was determined by logarithmic plotting, 
giving a series of lines, the “logarithmic homologues” at different tem- 
peratures. The positions of these lines were found to be in substantial 
agreement with those calculated from the equations of motion. Similar 
experiments for eddy motion were made and the logarithmic homo- 
logues were also plotted, and their intersections with the corr^ponding 
ones for stream-line motion determined. These intersections give the 
minimum critical velocity, and were found to lie very approximately on 
a straight line in the diagram. 

The law of variation of critical velocity, with temperature was 
found to be 

t\r-^ oc 1 -fO*0S368T-fO-0O0156T\ 

where T is the temperature Centigrade, which agrees very closely with 
the known variation in the viscosity of water, viz., 

X 1 +0-03368T4-0-000221T2; 

and it may, therefore, be concluded that over the range of temperature 
examined the critical velocity of water in small pipes varies directly as 
the viscosity. 


“ Isomeric Change in Benzene Derivatives — The Interchange of 
Halogen and Hydroxyl in Benzenediazonium Hydroxides.**’ 
By K. J. P. Orton, Ph.D., M.A., St. John*s College, Cam- 
bridge, Demonstrator of Chemistry, St. Bartholomew’s- 
Hospital. Communicated by Professor H. E. Armstrong^ 
F,E.S. Eeceived December 1, — Read December 4, 1902. 

In discussing the laws which govern substitution in the case of 
benzenoid compounds, Armstrong, in 1887, drew special attention to 
the peculiar behaviour of amido- and hydroxy-compounds, from which 
he inferred that the phenomena of substitution were less simple than 
was commonly supposed. He showed that there was evidence that 
the formation of para-derivatives was preceded by that of an isomeric 
compound formed by the displacement of the aminic hydrogen or 
hydroxylic hydrogen, and pointed to the probability that this might 
prove to be true also of ortho-Qpmpounds. 

Since that time, it has been experimentally demonstrated by various 
chemists that the radicles, Cl, Br, I, NO2, SO3H, can ail be introduced 
in place of the hydrogen of the amino-group of anilines and of, the 
imino-group of anilides, and that the compounds thus formed can be 

N 2 
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clianged into isomeric substances in which the substituent is contained 
in the hydrocarbon nucleus. 

The transformation of the aniline derivative appears to take place 
only in the presence of some other substance : in the case of the 
phenylaeylchloramines, such as CJEIs.NCl.COCHg, for example, appa- 
rently the change into the isomeric chloroacetanilides takes place only 
under the specific influence of hydrogen chloride.* The investigation 
of such cases of isomeric change is, in fact, of special interest as they 
are, so to speak, “ fermentative ” in character, often taking place with 
remarkable facility, and under the influence of minute amounts of 
the substance, which apparently provokes the change — ^the catalyst. 
Measurements of the velocity at which changes of this type occur, for 
example, of diazoaminobenzene into aminoazobenzene,t show that a 
veloeity-coefiicient of constant value is given by the equation, 

Jc = ^~iloga/(a-a;). 

The isomeric change is, therefore, apparently a so-called mono- 
molecular change ; but, as in other cases, the slowest of the series of 
simple changes which make up the complete transformation is alone 
measured ; moreover, the substance which conditions the change is not 
taken' into account. 

This paper deals with a new case of intramolecular change of a 
particiilarly interesting character : that of 5-trichloro- and s-tribromo- 
benzenediazonium hydroxide, CtiH 2 X 3 ;N(OH):N, into hydroxybenzene 
dmvatdves, by the interchange of the hydroxyl for one of the ortho- 
halogen atoms. The change takes place under all conditions under 
wlueh it is possible for the diazonium hydroxide to be present. Thus 
in dilute aqueous solutions of the neutral diazonium nitrate, or even 
<A the hydrogen sulphate, chloride is just recognisable by means 
ol sEver nitrate after 24 hours; at the same time the solution 
become yellow, owing to tbe formation of the diazophenol. But as 
extent to which the nitrate, and more especially the sulphate, 
und^oes hydrolytic dissociation is extremely small, the isomeric 
change takes place very slowly ; and in the presence of a considerable 
excess of acid no appreciable change occurs daring 5 days. On the 
otfier hand, using diazonium acetate, 50 per cent, of the material 
within 30 — 40 hours; and in the case of diazonium bicar- 
bonate the change is nearly instantaneous. That the change is a 
transformation of the diazonium hydroxide is further emphasised by 
Ihe fact ^t the addition of a solution of the diazonium salt to a 
considf^ble excess of an aqueous solution of an alkali carbonate, is 
not followed by elimination of halogen ; the solution remains colour 

• Armstrong, * Britisli Association Eeport/ 1809, p. 688 j * Trans. 

mm, Soe.,* 1900. 7T, p. 1058. 

t and Eeinders, * Bericbie/ 1896, toI. 29, p. 1369. 
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less, the diazoninm salt being immediately converted into the alkali 
diazotate.* * * § The latter change may be represented thus — 

CbH 2X3.NE*:N C6H.2X3.N(0H)^N CAXs.NlN-OM'. 

Biazonium salt. Biazonium hydroxide. Biazotate. 

As the author has maintained on previous occasions, the first step 
in this type of intramolecular change consists in a transference of the 
atom or group attached to the nitrogen to the ortho- or para-carbon 
atom of the nucleus, an ortho- or para-quinone being formed. The 
complete transformation in the case here described may be represented 
in the following manner : — 


NIN.OH 
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NiN.Cl 

II 
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In other w^ords, the diazonium chloride (III) may be represented as 
changing into the ‘‘ diazophenol ” (IT) ; or, if, following Wolff f and 
Hantzsch,! the diazophenols are considered to be diazoquinones (V), 
the ortho-quinone form (II) merely loses hydrogen chloride. 

Closely allied to the intramolecular change just mentioned, are 
Hantzsch’s observations § that ^tribromobenzenediazonium chloride 
changes into chlorodibromobenzenediazonium bromide, and ehloro- 
and bromo-benzenediazonium thiocyanates into thiocyanobenzene- 
diazonium chlorides and bromides. 

[The following observations of Meldolajj may also be mentioned, 
as the author's results offer a possible explanation. When dinitro-o- 
or diiiitro-p-anisidine is treated with sodium nitrite in the pi*esence 
of acetic acid, the nitro-group occupying a position ortho or para 
with respect to the amino-group is eliminated, a diazophenol (diazo- 

* Professor Meldola has called the author’s attention to a French patent 
(No. 315,932) of the Badische Aniline Company, dated February 28, 1902, in which 
the replacement of the nitro-group and halogen by the hydroxyl-group the m tion 
of (dJcalis on diazonium salts, is claimed as a technical process. The author’s 
experiments show within what limits this process is applicable, and what is the 
probable action of the alkali. 

t * Annalen/ 1900, vol. 312, p. 119. 

X *Beri elite,* 1902, vol. 35, p. 888. 

§ ‘ Berichte,’ 1896, vol. 29, p. 947 ; 1897, vol. 30, p. 2334; 1898. vol. 31, p. 1253 ; 
1900, vol. 33, p. 505. 

II * Trans. Ohem. Soc.,’ 1900, vol. 77, p. 1172 ; ^ Proc. Chem. Soc.,* 1901, vol. 17, 
p. 131 ; ‘ Trans. Chem. Soc.,* 1901, vol. 79, p. 1076 ; 1902, vol. 81, p. 988. 
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oxide) being formed. In diazotising in the presence of hydrogen 
chloride, an ortho-nitro group is replaced by chlorine.] , 

The isomeric changes of the diazonium salts differ, however, som^ 
what from the similar changes of the phenylacylchlorammes, phenyl- 
nitramines, &c. The latter compounds are pm- se relatively stable, 
and apparently only undergo change in the presence of some agent 
(catalyst); the diazonium compounds, on the other hand, appear to be 
intrinsically labile, and in aqueous solution, at least, capable of passing 
’into a more stable configuration. In the latter case the nitr^en atom, 
bearing the wandering group, the hydroxyl group (or, as in Hantzsch s 
instances, the chlorine atom or the thiocyanate group), is pen^, 
thus, Ph.N(OH):N, whilst in the phenylacylchloramines, &o., it is 
triad. The idea at once suggests itself that in the case of the last- 
mentioned compounds, the first action of the catylist is to form an 
additive product, in which the nitrogen is pentad. The product, in 
which, it should be noted, more than one negative radicle is attached 
to the nitrogen, is not a stable compound, and is now capable of 
passing into the isomeric quinone form, and thus start the transf ormar 
tion. 

These results are also of interest, inasmuch as Hantzsch* has 
stated recently that he has obtained s-tribromophenylnitrosamine, 
€5«H»Br$.NH.NO, by adding sodium acetate to a solution of a s-tri- 
bromobenzenediazonium salt. He describes it as a bright yellow 
amor^ous substance, which decomposes at 85°. As far as can be 
Jadged, it is this very reaction which has been studied in the course of 
the au^r’s experiments. The substance which is precipiteted is at 
first glance a yellow amorphous powder, but close observation shows 
^at lOTig (I — 1 cm.) orange crystals are present. These crystals are 
tire 3 : 5-dibromoo-diazophenol hereafter described. The powder is 
probably a hydroxyazo-condensation product. Hantzsch does not 
appear to have' observed that bromine is eliminated. He also affirms 
(ioc. of.) that he obtained the nitrosamine by the cautious addition of 

(or other) add to the alkali diazotate ; in the writer’s experience, 
however, this always leads to the elimination of halogen. 

The Tremformation of s-TricMorobenzefiediazoidum Hydroxide. 

%-TritMor<ii»esmeMazoviwai hydrogen suiphate, C(iH 201 s.N(S 04 H):N, 
is vmy easily prepared by diazotising, by means of amyl nitrite, 
a-triehloraniline dissolved (or suspended) in gladal acetic acid contain- 
ing sulphuric add. The salt is precipitated by ether, and is purified 
by dissolving in methyl alcohol ; on adding ether to this solution 
the sulphate separates in small colourless lustrous prisms, often forming 

* ‘ Boriehte,’ 1902, voL 35, p. 2964. 
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star-shaped aggregates, which are very soluble in water (SO4 found 
31*0, calculated 31*4 per cent.). B-TriMorohenzmediazoiiium nitrate, 
C,.H. 20 l 3 *N (N 03 ):N, prepared in a similar manner, forms colourless 
needles. When kept for two or three days, both salts begin to show 
signs of change, which are more marked in the case of the nitrate. 
The latter becomes noticeably yellow, and when dissolved in water 
forms a yellow solution. The initially colourless aqueous solution 
of the pure colourless salts becomes yellow after a few hours; after ^ 
24 hours chloride is just recognisable in the solution. In one 
experiment, 0*5 gramme of the acid sulphate was dissolved in 
100,c.c. of water; after 3 days a very small amount of a yellowish-red 
solid had separated from the yellow solution ; at the end of 16 days, 
the chloride in solution was precipitated by silver nitrate in the 
presence of nitric acid; the silver chloride weighed 0*05 gramme, 
whereas for the complete conversion of the diazonium salt into 
the diazophenol, 0*235 gramme of silver chloride should have been 
found. 

An aqueous solution of s-trichlorobenzenediazonium acetate, obtained 
by mixing neutral solutions of the diazonium nitrate and sodium 
acetate (molecular proportions) rapidly becomes yellow and acid. 
In a short time the solution becomes turbid, and after 4 — 5 hours 
deposits a bright yellow amorphous solid. In an experiment, in 
which 1*75 gramme of the diazonium nitrate, dissolved in 150 c.c. of 
water, was treated with sodium acetate (1 mol.), and kept at 10 — 15" 
for 40 hours in the dark, an estimation of the hydrogen chloride in 
the solution showed that 54*5 per cent, of the diazonium compound 
had changed into the diazophenol. 

When instead of sodium acetate, sodium hydrogen carbonate was 
used a similar change took place, but far more rapidly. In one 
experiment a dilute aqueous solution of sodium hydrogen carbonate 
(3 mol.) was added drop by drop during a period of 1 hour to a 
cooled solution of 1 gramme of the diazonium hydrogen sulphate. (The 
bicarbonate was finally present in sufficient quantity to combine with 
the whole of the sulphuric acid and one-third of the chlorine present 
in the diazonium salt.) After one-third of the bicarbonate had been 
added, and the acid converted into the normal sulphate, the solution 
rapidly became yellow and deposited a yellow solid. Throughout the 
experiment the* mixture was acid. As soon as the whole of the 
bicarbonate was added, the chlorine was estimated; it represented 
54*5 per cent, of the amount which should be obtained were 1 atom 
of chlorine eliminated from the diazonium salt. In another experiment, 
using the same quantities of diazonium salt and sodium bicarbonate, 
the solutions were mixed as rapidly as possible ; a copious yellow 
precipitate at once appeared ; the chloride in the filtrate represented 
72 per cent, of 1 atomic proportion of chlorine. 
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contained in the yellow solutions which are obtained by any of the 
methods just described. It is best prepared by adding excess of 
sodium acetate to 5-trichlorobenzenediazonimn hydrogen sulphate or 
*nitrate. The mixture should be kept during 40—50 hours in the 
dark in the light the solution darkens, the diazophenol decomposing. 
The liquid was then filtered from the amorphous yellow solid, made 
stJTongly acid with nitric acid, and extracted four or five times with 
ether. On evaporating the yellowish-brown extract, a mixture of 
ofi and crystals remained. In order to obtain the diazophenol, dry 
hydrogen chloride was passed into the ethereal extract ; this caused 
the hydrochloride of the dichlorcK?-diazophenol, 0 ICgH 2C12'N2,H01, to 
separate in small needles. This salt was converted into the diazo- 
ph^ol by treatment with a small quantity of water. Thus prepared, 
the diazophenol is an orange powder, which crystallises from an 
ethereal solution in flattened orange prisms, which melt at 83 — 84% 
forming a red liquid ; at 87” the latter decomposes. On analysis, 
0*iOS8 gramme gave 0T618 gramme AgCl. Cl = 37-45. 

0-2004 gramme gave 25*4 c.c. of moist nitrogen at 14” and 766 mm. 
“Jf 14*95. CGH2ON2CI2 requires Cl = 37*57 ; and N = 14*86 per 
cent. 

This substance is very readily soluble in all solvents except petro- 
leran; when dii^lved in hot water it rapidly decomposes, the yellow 
s^intion becoming brown and turbid. It dissolves in concentrated 
sciutions of acids, forming a nearly colourless liquid, which becomes 
yellow on adding water. These acid solutions couple with alkaline 
solutions of j8-naphthol. There is no doubt that this substance is an 
of^o- md not a para-diazophenol, as j9-diazophenols can be easily 
reCTjstsdlised from hot water, whilst the ortho-compounds are decom- 
posed by hot water. Again, p-diazophenols are easily reduced to 
^*amiiiophenols, but the ortho-derivatives are not reduced in a simple 
manner,* 

The amorphous yellow substances which are formed in the cases 
i above described appear to be condensation products. The <?-diazo- 
phmol which is produced has the para- and one ortho-position 
unoccupied, and being formed in the presence of a diazonium salt 
and sodium acetate or bicarbonate, is under conditions which are very 
favourable to the production of hydroxyazo-derivatives. A similar 
yellow powder is precipitated when sodium bicarbonate is added to 
a solution of the 3 : 6-dichloro-<HliazophenoL The yellow substances 
* B6hit»er, * Jottru. Pralt. Chein.,* 1881, [2], vol. 24, p. 460. 
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cannot be got to crystallise from any solvent ; they decompose at 85% 
and in a moist atmosphere slowly give off nitrogen; this is very 
noticeable when an attempt is made to estimate the nitrogen by 
Dumas' method. 'They do not dissolve in aqueous alkalis or acids. 
Cryoseopic determinations of the molecular weight in benzene show 
that, whether prepared by means of sodium acetate or bicarbonate, the 
mokcule contains three benzeneazo-groups. There are three such com- 
poum^^ possible, formed by condensation either of (1) 2 mols. of 
^-trichloi^enzenediazomum salt with 1 mol. of the diazophenol 

( (06H2Cls‘®sj2'C(vCl2<^Q“ has a mol. weight = 604 ; chloride = 46'8 

per cent.) ; or (2) of 1 mol. of the diazonium salt with 2 mols. of the 
diazophenol (mol. weight = 585'5 ; chlorine = 42*2 per cent.); or 
(3) of 3 mols. of the diazophenol (mol. weight = 567 ; chlorine 
“ 37*5 per cent.). The material prepared by the use of sodium acetate 
has the highest percentage of chlorine, 44*7 — 44*9; its molecular 
weight was found to be 580 — 590 ; it is probably a mixture of (1) 
and (2). When bicarbonate is used, the yellow substance contains 
41*4 — 43*7 per cent, of chlorine; its molecular weight was found to 
be 560—580. 

The Tmmfmifiia;tion of i-Tribronwbe7izemdiazonimi Hydroxide. 

The transformation of s-tribromobenzenediazoniuni hydroxide re- 
sembles in its main features that of the s-trichloro-compound. ^-Tri- 
brbmobenzenediazonium nitrate, when first prepared, is pure white, 
although Silberstein* has described it as yellow. On keeping, it 
gradually acquires a yellow colour: Solutions both of the nitrate and 
the hydrogen sulphate become yellow, and bromine can be detected in 
the liquid. When either sodium hydrogen carbonate or sodium acetate 
is added to solutions of the salts, the decomposition is far more rapid. 
Thus in one experiment, in which sodium bicarbonate was added to a 
solution containing 1 gramme of the diazonium hydrogen sulphate, 
0*31 gramme of silver bromide was obtained, whereas 0*508 gramme 
is required for the elimination of one atom of bromine. 

In the presence of sodium acetate, the solutions of the diazonium 
salt rapidly become yellow and turbid. After 24 hours at 0“, a bulky 
and, at first glance, homogeneous precipitate had separated. In one 
experiment when 2 grammes of the sulphate were used, 0*58 gramme 
of silver bromide was obtained from the filtrate from the yellow pre- 
cipitate. Careful examination of the yellow precipitate show^ that it 
consisted of crystals completely covered and matted together by an amor- 
phous yellow powder. These two substances could not be separated 
by crystallisation from any solvent. It was, however, found possible 

* * Journ. Prakfc. Ghem.,’ 1883, [2], toI. 27, p. 113. 
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lo obtaiii the crystals free from the powder by frequently shaking tip 
the solid with water and decanting the supernatant liquor before the 
Kght powder had had time to settle. 


Zi^-Dihronw-o-diaioplheuol {Zib-thhromo‘0-thazoqninQne\ 


V' 


The crystals, just mentioned, are the 3 : 5-dibromo-<Hliazophenol in a 
state of purity. They are long slender transparent prisms of a fine 
orange colour, which explode when heated at 140“. 

0T894 gramme gave 0*2564 gramme AgBr. Br = 57*6. 

Two cryoscopic determinations of the molecular weight in benzene 
solution gave the values 278*9 and 28T6. 

C, 5 H 20 N 2 Br 2 requires Br = 57*53 per cent., and a molecular weight 
of 278. 

The compound is very soluble in chloroform, benzene, ether and 
glacial acetic acid, and in boiling alcohol. It is moderately soluble in 
boiling water, and very slightly so in cold water or petroleum. Treat- 
ment with hot water or alcohol decomposes it. It dissolves in con 
centrated acids, forming a colourless solution, and is reprecipitated by 
addition of water. The solution in acids couples with alkaline solutions 
of jS-naphthol. The hydrochloride is obtained in nearly colourless 
tiaedles by passing dry hydrogen chloride into a dry ethereal solution. 
This substance is without doubt the ortho-diazophenol, and not the 
3 : 5-dibromo-p-diazophenol, which has been prepared by Silberstein 
{/or, at), and which can be crystallised from hot water. 

In the account given by Hantzsch, of the experiments above re- 
ferred to, it is stated that on adding sodium acetate to the solution of 
a ^tribromobenzenediazonium salt, the whole of the latter is gradually 
converted into s-tribromophenylnitrosamine, CoH 2 Br 3 .lQH.NO, of 
which analyses are given: it forms an amorphous yellow powder, 
decomposing at 85“. By passing hydrogen chloride into the ethereal 
solution, he obtained a hydrochloride of the nitrosamine, which is 
immediately decomposed by water, a property possessed by the hydro- 
chloride of the diazophenol. 

The amorphous yellow powder, obtained by the author, both by the 
action of sodium hydrogen carbonate on the <?-tribromobenzenedia- 
zonium salts, and mixed with crystals of the diazophenol when sodium 
acetate is used, decomposes at 85 — 90“ (compare Hantzsch, 85“). The 
yellow substance appears to be similar to those obtained from ^-tri- 
ehlorobenzenediazonium salts ; but determinations of the molecular 
weight, indicate that only two benzeneazo-groups have condensed. In 
this case, however, the yellow powder certainly contained some of the 
diazophenol, as on passing hydrogen chloride into an ethereal solution 
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of the powder- a misil quantity of the hydrochloride of the last- 
mentioBed suMtance separated. 

[The inve^gation of these intramolecular changes is being continued. 
It has been found that a similar interchange of halogen for hydroxyl 
tak^ places ve|;^]^adily in solutions of chloro- and bromo-naphthalene- 
diazonimn salts, even in the presence of excess of acid. The author is 
of opinion that the observation of Gaess and Ammelburg,* that an 
aqueous solution of l-nitro-2-naphthalenediazonium sulphate yields 
the 1 : 2-naphthalenediazo-oxide, is an example of the type of trans- 
formation here contidered.] 


“ On certain Properties of the Alloys of the Gold-Silver Seri^^ 
By the late Sir W. C. Eoberts-Austen, KO.B., D.G.L., 
F.R.S., and T. Kirke Eose, P.Se. Eeceived October 22,— 
Bead December 11, 1902. 

[Pirate 3.3 

In a former communication to the Society! the curve of the initial 
freezing points of the alloys of gold and copper and some micrographic 
evidence as to their structure were given, and it was shown that 
according to the theory of solutions the alloys rich in gold should not 
be homogeneous after they have solidified. The fact that they are 
not uniform was confirm^ by analysis. The subject has, however, 
more than theoretical interest, and the inference was drawn that 
standard ^oM, which consists of eleven parts by weight of gold to one 
of copper. Is unsuitable as a material for the preparation of the trial 
plates by which the standard of the coinage is tested. Th^e trial 
plates according to law must contain 916*6 parts of gold and 83*3 of 
« alloy,” that is of some other metal, and it remained to be determined 
what the other metal should be. 

It #ill be at once apparent that the alloy or mixture of the two 
metals must, if the cold mass is to be uniform, solidify as a whole, 
that is to say, that the crystals fi^rst formed should be of the same 
composition as the mother liquor, and this condition can be fulfilled 
by isomorphous mixtures only. It has long been recognised that the 
goid-tilv^ alloys are cases of isomorphism, and Gautier, in 1896, statedj 
that the freezing-point curve of the series followed a straight line if 
the per(^ntages by weight of the constituents were taken as abscissae. 

This curve was re-determined by experiment, a number of alloys 
being made up and autographic records taken of their cooling curves 
by the Eoherts-Austen recording pyrometer. The results obtained 
* « Berichte,’ 1894, toI. 27, p. 2211. 
t ‘ Roy. Soe. Proc,,’ toL 67 (1900), p. 105. 
t ‘ Bull, de la Soc, d^Encouragement,’ Oct., 1 896. 
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are given in the following table, and have been plotted in fig. 1, in 
which the abscissae are atomic proportions of the metafls in the alloys. 
The freezing point of gold was taken as 1064°. 


Fift. 1. 



Per< entage of gold present in alloy. 

K 


/ 

Bv weight 

In atoms. 

Freezing point. 

ioo 

100 

1064° 

80*99 

70*25 

1061 

64*60 

49*97 

1061 

54*80 

39*89 

1046 

43*98 

30*07 

1044 

31*71 

20*28 

1028 

17*23 

10*23 

1001 

The following points had* been observed by Heycock and Nevdle* ; — 

2*26 

1*25 

962° 

0*91 

0*50 

961 

0 

0 

960 


It will be seen that Gautier’s conclusion is substantially confirmed, 
but it was observed, as one of us had previously pointed out,t that the 
first additions of silver did not depress the freezing point of gold. So 
far does this property extend that even the alloy containing 50 atoms 
of gold to 50 of silver, or 64*6 per cent, of gold by weight, solidifies 
at 1061% which is only 3“ below the freezing point of pure gold. 
With further additions of silver there is a steady acceleration in the 
rate of lowering of the point of solidification, so that the freezing-point 
curve of the series has no double flexure, unless one is indicated near 
the silver end of the curve by Heycock and Neville’s results. 

* * PhU. Xrars A, toI. 189 (1897), p. 69. 

t Eoberts- Austen, * Proc. Inst. Mechanical Engineers,* 1891, p. SBi. 
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There is, of course, no eutectic 'alloy observable in any member of 
the series. 

The alloys all consist of large grains, but these are built up of 
smaller grains, so that the ultimate structure is exceedingly minute. 
When magnified 1500 diameters the grains appear as small irregular 
crystals of the cubic system (see fig. % PL 3). In order to develop any 
segregation that might take place, an ingot of the standard alloy 
containing 91*66 per cent, of gold by weight was heated for 2 months 
in one of the annealing furnaces at the Royal Mint, the temperature 
of which was kept at about 700° by day, but fell to about 100° at 
night. The maximum temperature attained was over 300° below the 
fusing point of the alloy, and the sharpness of the angles of the 
specimen had suffered no change. After this treatment it was found 
that the grains had increased in size, and the crystals forming them 
bad become well developed, as shown in fig. 3 (PL 3), in which the struc- 
ture is magnified 1500 diameters. No true segregation, however, could 
be detected even in this ingot, either by analysis or by the microscope, 
and plates prepared by rolling out ingots containing 916*6 parts by 
weight of gold, and 83*3 parts of silver, were found on analysis to be 
uniform in composition. 

The ancient trial plates, according to the analysis made by one of 
us,* consist of a triple alloy of gold, silver, and copper. The earliest 
one in existence was made in 1527, the year following the first intro- 
duction of the standard 916*6. This plate contained only 0*62 per 
cent, of copper, and was probably intended to consist of gold and 
silver only. All subsequent plates, however, down to that made in 
1829, contained much larger amounts of copper. In 1873 it was 
determined to omit the silver and to use only copper as the alloying 
metal, and thus to preserve identity of composition between the trial 
plate made in that year and the coinage. In view, however, of the 
importance of obtaining homogeneous trial plates and of the ease with 
which the exact quantity of copper requir^ to make the assay pieces 
identical in composition can be added to the pieces of the trial plate 
during the course of the assays, it is preferable to use only silver as 
the alloying metal in the manufacture of the trial plates. 

Such an alloy has accordingly been used at the Royal Mint since 
the beginning of the present year instead of fine gold for checks in the 
assay of standard bars and coins. In view of the minute accuracy 
with which the operations of coinage have to be conducted, this is a 
matter of much importance. By this method any errors are avoided 
which might be <^used by accidental variations in weights occurring 
after the trial plates have been made. 

* JJoberts-Austen, * Chem. Soc. Joiirn.,* 1874, p. 197. 
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‘‘ Abnormal Changes in some Lines in the Spectrum of Lithium/^ 
Bj Hugh Eamage, B.A., St. John’s College, Cambridge- 
Communicated by Professor G. D. Liyeing, P.E.S. Eeceived 
SToyember 19, — Eead December 11, 190l2. 

In the course of an investigation on the flame spectra of metals, the 
writer has examined the spectrum of lithium. Some facts have been 
discovered of sufficient importance for a separate paper. 

The same spectrometer was used as in the investigation on the 

Spectra of Potassium, ‘Whilst the wave-lengths of some of 

the lines in the flame spectrum of lithium agree closely with those 
given by Eayser and Eimge for the lines in the arc spectrum,! the 
wave-lengths of other lines differ considerably from these. The num- 
bers and differences are given in the following table : — 


Oxy hydrogen 
flame spectrum 
(Antlmr). 

Arc spectrum (Kayser and Bunge). 

. . 1 . Second subordinate 

Principal senes. 

First subordinate 
series. 


* 


Differ- i 

Differ- 


Differ- 

Ware- 

Inten- 

Ware- 

ence ! Wave- 

ence 

Wave- 

ence 

length. 

sity. 

length. 

from length. 

from 

length. 

from 




flame. 

flame. 


flame. 

6708 

10 

6708*2 






6103*84 

9 




6103*77 

-0*07 

497X-98 

2 


4972*11 

+ 0*13 



4e0iS-0? 

7 




4602*37 

-0-70 

4273 *34 

1 


4273 -44 

■hO-lO i 


4133-93 

5 




4132*44 

-0*49 

3985*86 

<1 


: 39a5*94 

+ 0*08 



3915*59 

3 




3915 *2 

-0*39 

3795 *18 

2 




8794-9 

-0*28 


1 




3718*9 



m2 *82 

4 

8232-7? 

—0*05 




mi *43 

i 

1 

2741 -39 

-0*04 



! 


ail ^arp. 

:iaj»e3r Eiaige describe the Hses 6708-2, 32S2*77, 2741*39, and 6103*77 as 
meeHj reversed ” ; the lines in the second subordinate series as diffuse towards- 
the red ; the lines 4602*37 and 4133*44 as reversed ; and the latter, with the 
renmning lines in tb6 same, series as diffuse on both sides. 


* ‘ Eoy. Soc, Proe./ vol. 70 (1903), p. 303. 
t ‘ Berlin Ahad. Abhandl.’ (1890), vol. 4, p. 19. 
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The only important^ differ^ces occur in the lines of the fii^t subor- 
dinate series. Exner and Haschek haT© given the wave-lengths of 
three lin^ in the spark spectrum* * * § as 2815*55, 3232*91, and 4303*10- 
The last is described as reversed. Eder and Valents have given the 
wave-length of the blue line in the Bunsen flame spectrum as 4602*4,t 
and as 4602*46 in the spark spectrum when a condenser was used. J 
They described the latter measJirement as that of the middle of abroad 
dark line, the less refrangible wing of which was stronger than the 
other, and difluse towards the red. They also gave measurements of 
five other lines, and these agree closely with the arc lines given by 
Elayser and Eunge. Professor Hartley recorded four lines in the 
oxyhydrogen flame spectrum of lithium chloride § corresponding to the 
first, fourth, sixth and eleventh of the lines in the above table. The 
blue line was measured in the flame spectrum on four plates, and the 
results differed only in the second decimal place, the figures in which 
were 8, 7, 6 and 7. Professors Liveing and Dewar made some observa- 
tions by eye on the appearance of the blue line in the arc spectrum 
which led them to believe there were two lines, a strong one with a 
weak line on the more refrangible side,ll and Kayser and Eunge, after 
referring to this, say : — ^ “ Wir haben nur liei zwei Aufnahmen neben 
der Hauptlinie eine weite schwache umgekehrte Linie bei 4603*13 
erhalten ; da aber hier eine Eisenlinie liegt, glauben wir, dass dies eben 
flie Eisenlinie ist, welche sich dxirch den hellen Hintergrund der 
Lithiumlinie umgekehrt hat.” 

The wave-length of the line which Kayser and Eunge attributed to 
iron agrees with that obtained by the author for the bright line in the 
flame spectrum, and by Exner and Haschek for the reversed line in a 
spark spectrum. It was decided in view of these difierences to take a 
series of phot<^3^phs of the arc spectrum of lithium, using the carbo- 
nate of lithium on carbon poles, and to study especially the appearances 
of the blue line. The results will now be briefly described. 

A Gulcher arc lamp with vertical carbons was used. When the arc 
was started with a quantity of lithium carbonate on the carboiis, a 
large proportion of the salt was freely volatilised and expelled in the 
form of a dense \ apour. As the are lamp was placed, the magnetic field 
produced by the feed mechanism caused the hulk of the vapour to be 
expelled in the direction of the collimator. Photographs of the 
spectrum taken at this early stage show the line as a very broad bright 
line extending from 4610*4 to 4593*5, with a narrow dark line extend- 

* * Sitsiber. kak. Akad. Wien,* toI 106, Abth, 2Jl (1897), p. 1138. 

t ‘ Denkschr. kaia. Aka4. Wien,’ toI. GO {1893), 

X ‘Benkscbr, kaie. Akad. Wien,* toI. 67 (1898). 

§ 'Phil. Trans,/ A, toI 185 (1894), p, 177. 

II * Phil. Trans./ rnl. 174 (1883), p. 215. 

^ Idid,, p. 20. 
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ing (2 in figure) from 4603-46 to 4602*71, having its middle (measured) 
at 4603-06. The middle of the hroad bright line is, according to the 
above, at wave-length 4601 *95, and the middle of the dark line (reversed) 
is coincident with the bright line of the flame spectrum. 



Diagrams of the blue lithium line as it appears m photographs. The fine vertical 
lines are merely shading lines ; the broad wings of the actual lines in the 
spectra are continuous. 

(1) Bright line of flame, arc and spark spectra. 

(2) Reversed line from dense outer flame of arc. 

(3) R.eversed line from inner cone of strong arcs and from near negative 

pole of weak arcs. 

(4) Broad line with two absorption bands, from arc spectrum. 

(5 and 6) From spectrum of thin outer flame of arc with different exposures. 

One pole of a weak bar magnet was placed near the arc so as to 
direct the expelled vapour in a direction perpendicular to the axis of 
the cc^Iiniator. After the large excess of the lithium salt had been 
volatilised the image of the central portion of the arc was thrown on 
the slit, and the spectrum photographed, when the ends of the carbon 
poles, not widely separated, were red-hot. The lithium vapour in the 
central core was doubtless at a very high temperature, and there was 
only a thin layer of cooler vapour between it and the slit. Under 
these conditions the bright line is again broadly expanded, and so also 
is the dark line, for it now extends from 4603-55 to 460T25 (mean 
= 4602-40) on one photograph (3 in figure), and from 4603-68 to 
4601*22 (mean = 4602*45) on another. The bright wings are nearly 
of the same intensity and extent. The middles of these two dark 
lines are nearly the same as the wave-length 4602*37, given by Kayser 
and Range, and by Eder and Valenta for the reversed lines. 
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Some photographs were also taken of the spectrum of the trans - 
parent flame which issued from the arc, the bar magnet being used as 
above. With a short exposure one narrow bright line was obtained of 
wave-length 4603*06 ; with a longer exposure this bright line was 
much stronger, and there was the appearance of a weak line on its 
more refrangible side, exactly as Professors Liveing and Dewar described. 
The wave-lengths of these two were 4603T8 and 4601*89 respectively 
on one photograph (5 in figure), and 4603*12 and 4601*65 on another. 
The last line was fairly sharp on the less refrangible side, whilst it faded 
gradually on the other side (6 in figure). With still longer exposures 
the weaker line could not be distinguished from the wing of the much 
expanded bright line. This wing when weak always resembles a line, 
and it was thought that a line might be nearly coincident with its less 
refrangible edge. Measurements showed that this edge varied in 
position on different photographs, but Professor Liveing suggested 
that the tip might be formed by a line, and if so, the tip should 
always have the same wave-length. The following table gives the 
wave-lengths of the two tips on different photographs : — 


Spectrum. 

Tip of weaker 
side. 

Tip of stronger 
side. 

206^ 

4601 *68 


21S* 

•88 

4603 -11 

213“ 

•66 

•11 

214* 


•03 

222“ 

•78 

•10 

2227 

•82 

•11 

224“ 

•82 


226“ 

•83 


2267 

•95 

4603 -21 

232“ 

•79 



This evidence is not conclusive; both tips appear to vary, but 
the weaker one varies more than the other. The are, in these ex- 
periments, was formed with a Gulcher lamp with the carbons vertical, 
the positive being uppermost, and the image of the arc projected 
on to the slit of the collimator by a lens. It was observed that the 
less refrangible point, wave-length 4603*1, was, in many photographs, 
higher on the plate than the weaker point; it was given out by 
vapour quite near to the positive pole. It was observed also in 
some photographs that the line extending from it faded away lower 
down; the vapoxir near the negative pole did not emit this line 
but gave the broad bright line with the broad dark line down its 
middle. This broad bright line fades away as the positive pole is 
approached ; the more refrangible wing ends in a point, but the less 
VOL. LXXI. o 
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refrangible wing is lost in the bright line of wave-length 4603-1. 
There appears then in the middle portion of the spectrum a broad 
dark line with wings of unequal extent, and the less refrangible wing 
is broader, -and, near its more refrangible edge, much stronger than 
the other wing. The broad dark line extended on such photographs 
from (1) 4602*73 to 4601*81, (2) 4602*86 to 4602*05, (3) 4602*73 to 
4601*62, and in two other cases, where there were less differences of 
intensity between the two wings, from 4603*26 to 4601*61 and from 
4603*07 to 4601*59. There were indications on some photographs of 
a bright line near the middle of the broad dark line ; the measure- 


ments of such a photograph gave : — 

Less refrangible edge of broad dark line 4603 * 40 

Apparent bright line 4602*57 

More refrangible edge of broad dark line 4601*31 


The absorption bands of reversals in such a photograph as this 
are comparatively bright, for there is considerable action on the plate 
where the images of these bands fall (4 in figure). The effect is prob- 
ably due tothe .superposition of the spectrum of the outer flame upon 
that of the inner core when both are giving reversed lines. 

Some observations were made at Professor Liveing’s suggestion on 
the arc spectrum of lithium when the arc was formed between carbon 
electrodes inserted horizontally in a magnesia brick. The arc enclosed 
in this way is much steadier than in the open. The light which was 
examined passed out through a horizontal hole perpendicular to the 
carbons. The differences described above between the spectra of the 
vapours near the two poles were easily observed by eye observations. 

Photographs of the spark spectra of lithium were taken in the hope 
of finding a second line which would account for the remarkable 
differences in the arc spectra, but no second line was found. A piece 
of metallic lithium was placed in a cup formed in the end of an 
aluminium rod, and sparks were passed between this and an alumin- 
ium wire held immediately over the lithium. No Leyden-]ar was 
put into the secondary circuit at first, and it was found that 
photographs of the blue line were obtained with exposures of 15 
minutes. The lines were sharp, and showed no signs of reversal. 
The wave-length of the blue line was found to be 4603*08. The 
vapour near the electrodes gave broader lines than the vapour a short 
distance away. The broadening was much greater at the negative 
electrode than the positive, and it extended further on the more 
refrangible side than on the other side. The bright line and the broad 
reversed line were, in fact, both present in the spectrum of the spark, 
near the negative electrode. 

It was much more difficult to obtain photographs of the spark spec- 
l^rum when a Leyden jar was introduced. Some were obtained from 
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moist litMum carbonate which had been fused into the aluminium cup. 
The blue line was very weak and nebulous, and it was difficult to 
obtain measurements of it. The following were obtained from four 
photographs : — 1603*18, 4603*14, 4602*99 and 4603*97 ; the mean 
of these is 4603*15. Better photographs were obtained when a coil 
of wire was also introduced into the secondary circuit. The line more 
nearly resembled that obtained when no Leyden jar was used; the 
broad reversed line was more clearly defined at the electrode when 
negative than when positive. 

An attempt was made to photograph the blue line in the Bunsen 
flame spectrum, but with an exposure of six hours no trace of it was 
obtained. 

Other lines in the Spectrum of Lithium. 

The orange line was examined in the arc and flame spectra by eye 
observations and by photography. The line in the flame spectrum 
was measured on four plates : — 


Specti'um. 

Ware-lengtli. 

244^^ 

6103*84 centre of line. 

2442 

6103*85 near tip of line. 

244^ 

6103*88 rather strong line. 

2452 

6103*84 

2453 

6103*83 


The mean of these, omitting the rather strong line, is 6103*84. None 
•of these lines showed any signs of reversal. 

The wave-length of the bright line in the arc produced by the 
<JuIcher lamp in the open was : — 

Spectrum. Wave-lengtli. 

241^ 6103*81 nebulous in middle with sharp points. 

The nebulous part extended from 
6102*46 to 6104*94. 

242^ 6103*86 

2425 6103*82 

The mean result is 6103*83, 

The orange line is easily reversed in the arc. The reversed line was 
photographed and the wave-length measured on two plates, the results 
being 6103*82 and 6103*84. The reversal was narrow and the wings did 
not extend very far. The more refrangible wing was slightly broader 
than the other, and this difference was observed in the photographs 
and by eye observations. The part of the arc near the negative pole 
was examined very carefully ; the line was most sharply reversed in 
that part, but there was no trace of a broad dark line. The orange 
line, with the exceptions noted, behaved normally. 

0 2 



170 Abnormal Changes in the Sjyectmm of Lithium . [Nov. 19, 

Measurements were also made of two other lines in the arc spec- 
trum. The wave-length of a weak and very diffuse line on one plate 
was 4132*82, and that of a very weak sharp line, 4273*32. The 
former line on another plate was stronger and broader; its middle 
was at 4132*35, whilst the other line, much broadened towards the 
red, had its strongest part at 4273*62. 

The current used in working both the open and enclosed arcs was 
about 9 amperes. Kayser and Runge employed a current of 25 — 35 
ampkes from one machine and, to bring out the weak lines in some 
spectra, a current of 40 — 50 amperes from another machine. It seems 
probable that they worked with the intense arc which was only obtained 
by the author when the carbons were very near together, and that they 
observed only the spectrum of broadened lines which the author found 
was emitted by the intense arc and near the negative pole by weaker 
arcs. Their remarks on the appearances of the lines in the first and 
second subordinate series confirm this view. Eder and Valenta 
obtained a similar spectrum to Kayser and Eunge^s arc spectrum in 
the spark spectrum of metallic lithium when they used a condenser in 
the secondary cbcuit. 

The author has pleasure in thanking Professor Liveing for the 
interest he has taken in this work and for some useful suggestions. 

Conclusions, 

The lines in the principal series of lithium appear to broadeji and 
reverse normally. 

The lines in the second subordinate series do not reverse even in the 
arc, but in strong arcs they broaden towards the less refrangible end 
of the spectrum and become diffuse on that side. 

The first line in the first subordinate series, wave-length 6103*84, 
is almost normal ; it broadens slightly more on the more refrangible 
side than on the other. The other lines in this series also broaden on 
both sides and become diffuse, but they broaden more rapidly on the 
more refrangible side than on the other. The centres of the broadened 
lines are more refrangible than the corresponding lines in the narrow 
state. The inner core of intense arcs, and the parts near the nega- 
tive poles of weak arcs and sparks, give a broad reversed line with its 
centre about wave-length 4602*4; whilst the part near the positive 
pole in weak .arcs, and the flame of the arc, give a sharp bright line, 
wave-length 4603*07, coincident with the lines in the spectra of the 
oxyhydrogen flame and uncondensed spark. The similar changes in 
the other lines diminish with their refrangibility. The wave-lengths 
hitherto recorded for these diffuse lithium lines would appear to be 
those of abnormal lines. The true lines are the sharp bright ones 
which occur, without complication, in the spectrum of lithium in the 
iOxyhydrogen flame. 
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[Added Nov. 28, 1902. — Since this paper was commumeated to the 
Eoyal Society, I have seen a paper on the spectrum of lithium, by 
Hagenbach, in the ‘ Annalen der Physik,’ No. 12, 1902, which was 
published on November 13. The experimental part of his paper deals 
almost entirely with the blue line, and the fact that there are other 
abnormal lines in the spectrum of lithium is recorded above for the first 
time. Hagenbach’s conclusion that there are two lines near wave- 
length 4603 is not, I think, established ; and I still hold that the 
views expressed in this paper are more probable. He has not been 
able to find the second line as a bright line, so the difl&culties in the 
way of accepting the view that there is a second dark line, without 
a corresponding bright line, remain. He has not referred to Pro- 
fessors Liveing and Dewar’s work,* and his evidence for saying there 
are two lines is, in fact, similar to the evidence they gave.] 


^ An Error in the Estimation of the Specific U-ravity of the Blood 
by Hammersclilag’s Method, when employed in connection 
with Hydrometers.” By A. G. Levy, M.D. (London). Com- 
municated by Sir ViCTon Hon»SLEY, F.E.S. Eeceived 
November 25, — Eead December 11, 1902. 

(From the Lahoratory of Pathological Chemistry, Dniversity College, London.) 

Hammerschlag’s method of estimation of the specific gravity of the 
blood is an application to clinical pmposes of a physical method 
frequently employed when only a small quantity of the substance 
under investigation is obtainable. The method may be briefly described 
m the adjustment of the specific gravity of a mixture of chloroform 
and benzol by small successive additions of either constituent until it 
corresponds to the specific gravity of the blood, the test of the attain- 
ment of this condition being that a small dro^} of the blood, when 
immersed in the mixture, shall remain suspended without any very 
obvious tendency to rise or sink* The specific gravity of the mixture 
is then estimated by means of a hydrometer, the scale of which is 
graduated to register densities lying between the maximum and mini- 
mum densities of blood, i.e., from 1-020 to 1*080. 

In order to attain a rapid adjustment of the relative proportions of 
the chloroform and benzol, it is the general practice to use a com- 
paratively small quantity only of these fluids and a small hydrometer, 
and, as will be hereafter seen, the size of the instrument is an 
important factor in the magnitude of the error. 

This error was commented upon in a paper read by Dr. Baumann 


* ‘Phil. Trans.,’ vol. 174 (1883), p. 215. 
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before a recent meeting of the Physiological Society, in which he 
recorded estimations by Hammerschlag's method which exceeded by 
0*012 the estimation of the specific gravity of the blood by the 
picnometer method. Dr. Baumann also mentioned similar, but less 
considerable, excessive readings noted by certain other observers. I 
had myself, in the course of a series of experiments upon the blood 
of dogs,* occasion to remark upon the consistently high results 
yielded by Hammerschlag's method, the excess being, in my cases,, 
from 0*007 to 0*008. 

With the pui'pose of investigating the source of this error, I 
prepared two mixtures, the one (A) of chloroform and benzol, and 
the other (B) of glycerine and water, and, in each case, adjusted 
the relative proportions until identical readings were obtained on 
the scale of the same hydrometer. On immersing a drop of mixture 
(B) in a vessel of mixture (A), it rapidly sank to the bottom, thus, 
indicating, in the absence of interfluid exchanges, an actually higher 
specific gravity of (B), This indeed could be demonstrated by other 
methods of finding the densities of the two liquids, f.e., by the weigh- 
ing bottle or picnometer, or by WestphaFs specific gravity balance. 
The occurrence of a gross fault in the hydrometer method being 
established, it remained to investigate its extent and origin. 

I proceeded by immersing four dissimilar hydrometers, all graduated 
from 1*000 to 1*060 to the test of immersion in a mixture of chloro- 
form and benzol, which had been prepared, with the aid of Westphars 
balance, of a specific gravity =: 1*000, and the following table shows 
the point at which the lowest level of the fluid meniscus intersected 
each scale, i.e,^ the apparent specific gravity for each hydrometer. The 
measurements of each instrument are included in the table for future 
reference. 

The error, as set forth above, is explicable by a consideration of the 
differences between the values of the surface tensions of water and of 
chloroform and benzol. The exact experimental proof of this would, 

I find, involve an extended investigation into a complicated subject. 
This I have not attempted — it suffices to show how far the error, 
calculated from certain known conditions, agrees with my comparatively 
rough observations. 

The action of surface tension of a fluid upon a floating hydrometer 
IS evidenced in a downward pull upon the stem, so that a hydrometer 
becomes immersed, not only imtil it has displaced a weight of water 
eqml to its own weight, but is still further immersed by the action of 
surface tension upon its stem until the additional weight of water 
displaced balances this surface tension pull. It is this point of ultimate 


I Tbyroidectoroy ” ‘ Journ. Path, and 

Pact. October 1808 p, 317. 
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Table I. 


No. of hydrometer ............. 

No. 1. 

No. 2. 

No. 3. 

No. 4. 

Weight in grammes 

15*3118 

11'367 

3*81 

2-868 

Diameter of stem in mm 


4-37 

3*55 

m 

Length of first division of scale 
(i.c., 1 *000 to 1 *001) in mm. 

1*29 

0-74 

0 -417 

0-398 

Reading of scale in a chloroform j 
benzol mixture of specific gravity 1 
-^ 1-000 1 

1'002 

1*003 

1 *0095 

1*010 


No. 1 hydrometer is a more sensitive instrument than the ordinary nrinometer, 
having a large barrel and a comparatively fine stem. No. 2 is an ordinary urino- 
meter such as is in general use in hospitals. Hydrometers Nos. 3 and 4 are 
considerably smaller instruments, and are similar to those which have been 
employed in this laboratory for use in connection with Hammerschlag’s method. 

immersion wMch corresponds to the mark 1*000 on the stem when the 
hydrometer is floating in water. 

If the same hydrometer is floated in a chloroform and benzol mix- 
ture of sp. gr. = rOOO, the same volume of mixture is displaced, but, 
as in this case the liquid possesses a lower surface tension, the pull 
upon the stem is less powerful, and hence less of it is immersed from 
this cause than in the case of water, the degree of surface tension 
immersion being, in the two instances, in direct proportion to the 
respective values of the surface tensions. The mark 1*000 on the 
stem, therefore, floats a little distance above the surface of the mixture, 
and the hydrometer hence shows a reading which is higher than the 
actual specific gravity. 

The length of the divisions and the diameter of the stem of any 
hydrometer being known, the error due to surface tension may be 
calculated. 

The value of surface tension may be readily expressed in milli- 
grammes for each millimetre of the circumference of the stem on 
which its acts. The surface tension of water is estimated by Van der 
Mensbrugghe as 7*3 milligrammes per mm. Other observers have 
found higher values, but it is difficult to obtain water sufficiently 
clean to exhibit even the surface tension of 7*3 milligrammes, for an 
exceedingly slight contamination of the surface by greasy matter 
suffices to appreciably reduce the tension. 

The surface tensions of chloroform and benzol are very nearly equal 
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in value, and may be taken in each case, for pui'poses of calculation, as 
2*75 milligi*ammes per mm., the actual figures given l>y some other 
observers varying slightly.* 

I further find, by experiment, that the surface tension of a mixture 
of the two fluids of any specific gravity between 1*000 and 1*080 is, 
for practical purposes, the same as that of the individual fluids. 

The numerical difference between the values of the surface tensions 
of water and a chloroform and benzol mixture is therefore 4*55 milli- 
grammes (7*3— 2*75), and this, when multiplied by the circumference 
(expressed in mm.) of the hydrometer stem, is equal to the weight in 
milligrammes of a column of the mixture of the same diameter as the 
stem in question, and of a length which equals the extent to which 
the stem is exposed below the specific-gravity mark which should be 
the prlper reading of the hydrometer. 

This length may be calculated according to the simplified fomula 
h = 2T/n^, where h is height, T is surface tension, r is the radius of the 
stem, and w is the specific gravity of the fluid. 

Having calculated this height in the case of a hydrometer immersed 
in a chloroform and benzol mixture of sp. gr. 1*000, the division of 
this by the average length of the first divisions of the scale gives the 
theoretical error (at this specific gravity) of the hydrometei*, expressed 
in scale units. 

Example , — In the case of Hydrometer No. 4, 


2T ^ 2 X 4*55 
no 1 * 565 X 1 


5*8147 


5*8147 

0*398 


14*6 


As each division represents 0*001, the error = 0*0146. 

In the following table, the calculated eiTors are contrasted with the 
observed errors of Table I. 


Table II 

Hydromoter. Observed error. 
1 0*002 

2 0*003 

3 0*095 

4 0-010 


Calculated error. 
0*0035 
0*0056 
0*0123 
0*0146 


The not inconsiderable disparity between the two columns was, for 
a time, an unsolved problem, until I found by the following experi- 


• Chloroform. 

Temp. 16'’*6 C. 2‘76 Quincke. 

. lS°-5 0. 2-813 Bede. 


Stmol. 

Temp. 15° C. 2-87 Sohifi. 

„ 15° 0. 2-76 Beds. 
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merit that each instrument possessed an intrinsic error which tended 
to minimise the error of reading. 

A hydrometer and its containing vessel were carefully cleansed with 
hensiol and protected from contamination with greasy matter, and a 
sample of water taken, which was the cleanest readily obtainable, 
tap-water which had been allowed to run through the pipe for some 
fifteen minutes. On immersing the hydrometer in this water, the mark 
1*000 rested a slight distance below the surface. The water in which 
the hydrometer was standardised must have been contaminated, and 
hence possessed a considerably lower surface tension than that of the 
comparatively clean water in which my experiment was performed. 

All the four hydrometers of my tables I found to possess this 
intrinsic error, which I estimated somewhat roughly, and have 
expressed in scale units. When these innate errors are added ^to the 
errors of Table I, the totals more closely approximate to the calculated 
errors. (See Table TIT.) 


Table III. 


Hydrometer, 

Error due to 
difference between 
surface tensions of 
impure water and a 
chloroform-benzol 
mixture. 

Error due to 
difference of 
surface tensions 
of impure 
and clean water. 

Total error. 

Calculated 

error. 

1 

0-002 

0-0014 

0 -0034 

0 *0035 

2 

0-003 

0-002 

0-005 

0 -0056 

3 

0-0095 

0*002 

0 -0115 

0 -0123 

4 

0-010 

0 -003 

0-013 

0-0146 


There is thus sufficient agreement between the values of the observed 
.and calculated errors to demonstrate that the disturbing influence of 
surface-tension is sufficient to cause the whole of the error in the hydro- 
meter reading and to account for the inaccuracy of Hammerschlag’s 
method. Taking into consideration the varying value of the surface 
tension of water, and the fact that no accurate determinations were 
made by me of each individual specimen of water or of chloroform and 
benzol, very exact calculations are precluded. Had this been done 
doubtless a more exact agreement between observations and calcula- 
tions would have resulted. Fiuthermore, observations of this nature 
are replete with difficulties which can not be touched on here, but 
which may be gathered from a paper upon an elaborate investigation 
into a similar subject by Fridtjof Nansen.* 

^ “ Scientific Eesiilts of the Nonvegiau North Polar Expedition,” vol. 3, 
Part 10 
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The difference in the error of the several hydrometers is readily 
accounted for. A consideration of the facts already set forth shows 
that the error when expressed in scale units must vary directly as the 
radius of the stem, and inversely as the total weight of the instrument, 
so that when the stem is fine in comparison with the weight, the error 
is small. But in making a small hydrometer it is impossible to keep 
down the relative proportion of the stem. It thus follows that the 
smaller hydrometers exhibit a greater surface tension error than the 
larger ones. 

The greatest discrepancy which I have ohservcd in any hydrometer in 
chloroform and benzol was 0*014. This instrument was a small one, 
graduated from 1*020 to T080, and is not included in the above 
tables. 

This source of error in Hammerschlag’s method may be obviated 
by:— 

(1.) The estimation of the specific gravity of the chloroform and benzol 
mixture by means of an instrument which excludes or minimises the 
surface tension factors. The most convenient is some such balance as 
WestphaFs, in which the surface of the fluid is intersected by an 
exceedingly fine platinum wire only. The employment of hydrostatic 
bubbles is inconvenient on account of the long series required. The 
picnometer method is not readily applicable in connection with very 
volatile fluids. 

(2.) By employing a hydrometer which has been standardised or 
corrected in chloroform and benzol mixtures, the requisite specific 
gravities of which have been adjusted by an accurate method. In the 
absence of the above-mentioned appliances a rough method or correc- 
tion may be applied to any hydrometer of which the highest mark 
is 1*000. The method consists of adjusting the proportions of a 
mixture of chloroform and benzol until a small drop of water immersed 
neither sinks or floats. The mixture being thus of the same specific 
gravity as water itself, the reading of the hydrometer in it is its error 
at this degree, and in the case of a well-constructed and accurately 
graduated hydrometer, this error holds good with only a negligible 
increase throughout the scale. 

I have, in conclusion, to express my indebtedness to Professor 
Yaughan Harley for the resources of his laboratory, and to Professors 
Baiy and Donnan, of the Chemical Department, at University College, 
for kind assistance and the loan of appliances. 
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Quaternions and Projective Geometry.” By Chaeles J. JoIjY, 
F.T.O.D., Eoyal Astronomer of Ireland. Communicated by 
Sir Kobeet S. Ball, F.E.S. Eeceived l^ovember 27, — ^Eead 
December 11, 1902. 

(Abstract.) 

The object of this paper is to include projective geometry within 
the scope of quaternions. The calculus, as established by Hamilton, 
was solely adapted to the treatment of metrical relations, but when we 
regard a quaternion as representing a weighted point, projective 
properties can be investigated with great facility. Writing 

the point represented by the quaternion, is the extremity of the 
vector, drawn from an arbitrary origin, and the weight 

attributed to the point is ;* and this interpretation [requires no 
modification in the principles of the calculus. 

In this paper the theory of the linear quaternion function is 
developed to a considerable extent, and this theory is of fundamental 
importance, because the most general homographic transformation in 
space is expressible by means of a linear quaternion function. One 
section of the paper is de%mted to the consideration of the scalar 
invariants of linear quaternion functions, and among these are included 
the invariants of systems of quadrics which correspond to the particular 
case in which the functions are self-con jugate. Moreover, in this 
»section and more fully in the section on covariance, it is pointed out 
that the invariance in the case of the general fmictions is wider than 
in the case of self-conjugate functions. In fact, in the special case, 
the functions must remain self-conjugate after transformation. It is 
shown that there are in all eight distinct types of covariance. 

The decomposition of linear transformations is also considered, and 
mitch use is made of the square-root of a linear quaternion function. 
A section is occupied with the determination of the linear trans- 
formations which shall convert given figures into other given figures, 
and with the conditions which in certain cases must be obeyed in 
order that such a transformation may be possible. 

The general surface, the principle of reciprocity, generalised curva- 
tiue and geodesics, are dealt with in a subsequent section, and the 
chief properties of an operator analogous to Hamilton’s y are exhibited 
in the section immediately following. 

Several sections are occupied with the theory of the bilinear quater- 

* ‘ Trans. H. Irish AcacL,’ toI. 32 , ];>p. 1 — If). 
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nion function, and this function is employed in the investigation of 
the properties of a four-system of linear transformations, of the 
general quadratic transformation, and of the non-linear one-to-one 
correspondence of points in space. The method of quaternion 
arrays* is applied to the discussion of a-systems of linear transforma- 
tions, and of the critical assemblages of points, lines and planes con- 
nected with each system of transformations. Finally, in the con- 
cluding section it is explained how the method of the paper may l^e 
applied to hyper-space, or to the discussion of functions of any 
number of variables ; and in many cases the formulae obtained in the 
course of the paper with special reference to three dimensions require 
no modification to fit them for the general case of n variables. 


“The Stability of the Pear-shaped Figure of Equilibriuui of a 
Eotating Mass of Liquid.” By G. H. Dauwin, F.RS 
Plumian Professor and Fellow of Trinity College, in the 
University of Cambridge. Eeceived and Eead June 19 
1902. 

(A])stvact.) 

At the end of a previous paper! it was stated that the stability of 
the pear-shaped figure could not be definitely proved without further 
approximation. After some correspondence with M. Poincare during 
the course of my work on that paper, I attempted to cany out the 
^eond approximation, but found myself foiled at a certain stage of 
the work. Meanwhile he had turned his attention to the subject, and 
he hasj shown how the diffi.culty which stopped me may be overcome. 
.He has not, however, pursued the arduous task of converting his 
results into numbers, so that he leaves the question of stability un- 
answered. 

. M. Poincar^ was so kind as to allow me to detain his manuscript on 
. its way to the Eoyal Society for a few days, and being thus assisted I 
was able to resume my attempt under favourable conditions, and this 
, paper is the result. The substance of the analysis of this paper is, of 
course, essentially the same as his, but the two present but little super- 
ficial resemblance. It is perhaps well that the two investigations of so 
complicated a subject should be nearly independent of one another. 

If a mass of liquid be rotating like a rigid body with uniform 
angular velocity, the determination of the figure of equilibrium may l)e 

* ^ Trans. K Irish Acad., vol. 32, pp. 17 — 30. 
t ‘Phil. Trans.,’ A, vol. 198, pp. 301—331. 
t ‘ Phil. Trans.,’ A, vol, 198, pp. 333—373. 
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treated as a statical problem, if tbe mass be subjected to a rotation 
potential. The energy lost in the concentration of such a system from 
a condition of infinite dispersion consists of two parts. The first of 
these, say W, is the lost energy of the system at rest ; the second is 
equal to the kinetic energy, say T, of the system in motion. The 
whole lost energy, say E, is equal to W + T, and the condition for a 
figure of equilibrium is that E shall be stationary for all variations, 
subject to constant angular velocity. 

It might appear at first sight that the condition for secidar stability 
is that E shall be a maximum. But M. Poincar^ has shown that this 
condition is insufiicient, and that it is necessary for stability that the 
whole energy, say U, which is equal to -W + T, shall bo a minimum 
for all variations, subject to the condition of constancy of angular 
momentum. 

He has, however, adduced another consideration, which enables us to 
determine the stability from the variations of E, without a dii’ect con- 
sideration of the fimction U. He has shown, in fact, that if for given 
angular momentum slightly less than that of the critical Jacobian 
ellipsoid, from which the pear-shaped figiues bifurcate, there is only 
one possible figure, namely, the Jacobian ; and if for slightly greater 
angular momentum there are two figures, namely, the Jacobian and 
the pear,* then exchange of stability between the two series must 
occur at the bifurcation. If, on the other hand, the smaller momentum 
corresponds with the two figures and the larger with only one, one of 
the two (namely, the Jacobian) must be stalfie, and the other (namely, 
the pear) unstable. 

The question is then completely answered by the value of the 
momentum of the pear; if it is greater than that of the critical 
Jacobian, the pear is stable, and if less, unstable. It suffices then to 
determine the pear from the variations of E with constant angular 
velocity, and afterwards to evaluate the angular momentum. 

In the first approximation the pear-shaped figure is represented by 
the third zonal harmonic inequality with reference to the longest axis 
of the critical Jacobian ellipsoid. In proceeding to the higher 
approximation I suppose that its amplitude is measured by a para- 
meter r, which is to be regarded as a quantity of the first order. We 
must now also suppose the ellipsoid to be deformed by every other 
harmonic, but with amplitudes of order eK In the first approximation 
W was proportional to but it now l)ecomes necessary to go as far 
as the order A change in the sign of e means that the figure is 
rotated in azimuth through 180 °. As this rotation cannot affect the 
energy, the odd powers of e must be absent from the expression for W. 
We have further to find the moment of inertia, as far as the terms 

* For the sake of simpIicitTj I speak of one pear instead of two in azxmutlis 
differing by 3 80°. 
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of order and thence to find the kinetic energy T. The function E 
is then equal to W + T. 

In order to attain the requisite degree of accuracy it is convenient 
to regard the pear as being built up in an artificial manner. 

I construct an ellipsoid similar to and concentric with the critical 
Jacobian, and therefore itself possessing the same character. The sijsse 
of the new ellipsoid, which I call J, is undefined; and is subject only 
to the condition that it shall be large enough to enclose the whole 
pear. The region between J and the pear being called R, I suppose 
the pear to consist of positive density throughout J and negative 
density throughout R. 

The lost energy of the pear consists of that of J with itself, say JJJ ; 
of J with R, which is filled with negative density, say - JR ; and of 

- R with itself, say |RR. This last contribution (which had baflfted 
me) must be broken into several parts. 

If we imagine J to be intersected by a family of orthogonal curves, 
and if we suppose for the moment that the region R is filled with 
positive matter, we may further imagine the matter lying inside any 
orthogonal tube to be transported along the tube, and deposited on the 
surface of J in the form of a concentration of positive surface density 
+ C. 

In the actual system R is filled with negative density, and we may 
-clearly add to this two equal and opposite surface densities -f 0 and 

- C on J. The matter lying in the region R may then be regarded 
as consisting of negative surface density ~ 0, together with a double 
^tem, namely negative volume density -R, conjoined with equal 
and opposite surface density +0. This double system, say D, is 
therefore C - R. 

The lost energy JRR may now be considered as consisting of three 
parts, first, the energy of - C with itself, say '|0C ; secondly, that of 
J> with itself, say JDD ; and thirdly of ~ G with D. This third item 
is obviously equal to - 00 -i- OR, and therefore -JRR is equal to 

- |CC + OR 4 - |DD. Thus W, the gravitational lost energy of the 
pear, may be written symbolically — 

pj-JR + CR-iOO + iDD. 

In this discussion no attention has as yet been paid to the rotation, 
but fortunately it happens that the introduction of this consideration 
actually simplifies the problem, for if we suppose iJJ and JR to mean 
the lost energies of J with itself and with R on the supposition that 
the mass is rotating with the angular velocity of the critical Jacobian, 
the formulae become much more tractable than would otherwise have 
been the case. 

The inclusion of part of the angular velocity in this part of the 
function only leaves outstanding the excess of the kinetic energy of 
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the pear above the kinetic energy wbieb it would have had if it rotated 
with the angular velocity of*he critical Jacobian. If w denotes the 
latter angular velocity, and the actual angular velocity of the 

pear; if A.p Ky denote the moments of inertia of J, and of E considered 
as filled with positive density, we have 

E = I J J - JR + CE - |OC + i DD + 1 {Aj - A,) tV.* 

The co-ordinates of points are determined by reference to the ellip- 
soid J which envelopes the whole pear. The size of J is indeterminate, 
and therefore the formulae must involve an arbitrary constant expres- 
sive of the size of J. But the final result for E cannot in any way 
depend on the size of the ellipsoid which is chosen as the basis for 
measurement, and therefore the arbitrary constant must ultimately 
disappear. Hence it is justifiable to treat it as zero from the begin- 
ning, and we may use the formula for the internal gravity throughout 
the investigation.! 

Although the constant expressive of the size of J is put equal to 
zero — ^which means that the pear is really partly protuberant beyond 
the ellipsoid — yet there is a considerable amount of mental conveni- 
ence in continuing to discuss the subject as though the ellipsoid com- 
pletely enveloped the pear. 

When an ellipsoid is deformed by an harmonic inequality, the 
volume of the deformed body is only equal to that of the ellipsoid, to 
the first order of small quantities. In the case of the pear, all the 
inequalities, excepting the third zonal one, are of the second order, and 
as far as concerns them the volumes of J and of the pear are the same. 
But it is otherwise as regards the third zonal harmonic term, and the 
first task is to find the volume of such an inequality as far as 
When this is done, we can express the volume of J in terms of that 
of the pear, which is of course a constant. 

By aid of ellipsoidal harmonic analysis we may now express the first 
four terms of E in terms of the mass of the pear and of certain definite 
integrals which depend on the shape of the critical Jacobian ellipsoid. 

The energy ^DD presents much more difficulty, and it is especially 
in this that M. Poincar4's insight and skill have been shown. The 
system D consists of a layer of negative volume density coated on its 
outer surface with a layer of surface density of equal and opposite 
mass. His procedure virtually amounts to regarding this system as 
consisting of an infinite number of magnetic layers, whose energy may 
be evaluated and summed. The reduction of this part of the energy 
to calculable forms is not very simple. 

* A term depending on the shift of the centre of inertia proves to be negligible. 

t Compare with M. Poincare’s treatment of the same point, ^ Phil. Trans. ’ A, 
vol. 198, p. 362. 
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The moment of inertia of the pear presents but little difficulty, since 
it only involves those harmonic inequaliWs of J which are exprossiWe 
by harmonics of the second degree. On multiplying the moment of 
inertia by -ISw- we obtain the last contribution to the expression for E, 

The portion of E independent of cannot involve since the 
vanishing of the coefficient of that term is the condition whence the 
eiitical Jacobian ellipsoid was determined. If / denotes the coefficient 
of any harmonic inequality other than the third zonal one, this portion 
of E is found to contain terms in e% and (/)-. The coefficient of 
hofi consists of a constant term and terms in e\ /a, where these f% 
denote the coefficients of the second zonal and sectorial harmonics. 
If / refers to any harmonic of odd degree, the coefficient of the 
corresponding term in e^f vanishes. If, then, we make E stationary 
for variations of the coefficient of any odd harmonic, that coefficient is 
seen to vanish. Hence it follows that the expression for the pear 
cannot involve any odd harmonic other than the third zonal one. 
Conditions of symmetry also negaflve the existence of even harmonics 
of the sine type, and of even harmonics of the cosine type but of odd 
rank. 

On equating to zero the variations of E for all the remaining f\ 
excepting and we at once obtain their values in terms of 
Equating to zero the variations for e% /s, we obtain three equationsy 
which give / 2 , f:? as multiples of 

It seems unnecessary to explain here the methods adopted for 
reducing the analytical results to numbers ; it may suffice to say that 
the task was very laborious. 

The harmonic terms included in the computation were those of 
degree 2, and ranks 0, 2 ; of degree 4, and ranks 0, 2, 4 ; and of 
degree 6, and ranks 0, 2, 4. The sixth sectorial harmonic would cer- 
tainly have proved negligible. 

The expression for was found in the form of a fraction, of which 
the denominator is determinate, and the numerator is the sum of an 
infinite series. Nine terms of this series were computed, namely, a 
constant term and the contributions of the eight harmonics above 
enumerated. The result shows that the square of the angular velocity 
of the pear is less than that of the Jacobian in about the proportion 
l-la^tol. 

On the other hand, the angular momentum is greater in about the 
proportion of 1 4- to 1. If this last result were based on a 
rigorous summation of the infinite series, it would absolutely prove the 
stability of the pear. The inclusion of the uncomputed residue of 
the series would undoubtedly tend in the direction of reducing the 
coefficient given above in round numbers as and if it were to reduce 
it to a negative quantity we should conclude that the pear is unstable 
after all. 
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The apparently rapid divergence of the series seemed to render 
such a reversal of the result almost incredible. In order, however, to 
feel yet more sure, I made a rough estimate of the contribution of the 
eighth zonal harmonic, and found that it would only amount to 
part of that critical total which would just show the pear to be 
unstable. 

Since the convergency of the series is obviously rapid, I regard it as 
proved, but by something short of absolute algebraic proof, that the 
pear is stable. 

‘ The numbers obtained in the course of the work afford the means of 
giving a second approximation to the form of the pear, and the result 
is shown in figures, drawn with the largest value of which seemed 
consistent with a fair degree of approximation. 

I originally called the figure “ pear-shaped ” because M. Poincare's 
conjectural sketch in the ‘ Acta Mathematica ' was very like a pear. 
In the first approximation, shown in my former paper, the resemblance 
to a pear was not strildng, and it needs some imagination to see the 
pear-shape in the new figures ; but a distinctive name is so convenient 
that we may as well continue to call it by that name. 

The effects of the new terms are almost entirely concentrated at the 
two ends. They tend to augment the protuberance of the stalk end, 
and to diminish the depression at the blunt end so much as nearly to 
fill it up. Over the greater part of the figure the depressions and 
protuberances are less conspicuous than they were. 

I think it is hardly too much to say that in a well-developed pear ” 
the Jacobian ellipsoid has nearly regained its primitive figure, but that 
it has shot forth a protuberance at one end. A consideration of the 
figures and of a conjectural extension of them almost reminds one of 
some such phenomenon as the protrusion of a filament of protoplasm 
from a mass of living matter. Notwithstanding the warning of 
M. Poincar4 as to the danger of applying these results to hetero- 
geneous masses and thence to cosmogony, I cannot restrain myself 
from joining him in seeing in this almost life-like process a counter- 
part to at least bne form of the birth of double stars, planets, and 
.satellites. 
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On the ‘ Blaze-currents ’ of the Incubated Hen’s Egg.” By 
Augustus D. Waller, M.D., F.R.S. Received July 17, — 
Read December 4, 1902. 

(From tRe Physiological Laboratory of the University of London, S.W.) 

In previous communications to the Society, on the Eyeball,* on the 
Skin,t and on Leguminous Seeds, f I have reported the results of experi- 
ments conducted by aid of an electrical criterion distinguishing between 
the living and not-Iiving state. 

The present communication contains the results of a series of syste- 
matic observations on the hen’s egg by aid of the same distinguishing 
tet — or blaze reaction, as I was led to designate it when it first came 
under my observation in the case of the frog’s eyeball. 

The case of the hen’s egg is particularly interesting, for while we 
cannot tell a pnori with any assurance whether or no a dormant egg 
will give the reaction characteristic of living matter, we may — ^after 
having learned by experience that it does mt do so — expect to find 
the reaction make its appearance with the progress of development by 
incubation. And as a matter of fact, we find that this is what 
happens. 

I first tested several eggs of unknown origin, bringing electrodes 
into contact with the superior and inferior extremities of a 'vertical 
diameter of the egg laid upon its side. On account of the 
fesistanee of the shell, a small piece was removed on each side, and 
Ae electarodes brought into contact with the subjacent unbroken shell- 
mmmbrane. There was no blaze in either direction, but only slight 
pdiarmtion counter-currents of 0*0001 to 0*0002 volt. A similar 
result was obtained when the yolk was laid bare and the superior 
ide#rode i^lied directly to the cicatricula, both with the egg at 
ordinary room-temperature (20“) and in an incubator at 37®. 

, I then proceeded to test a series of ten fresh eggs reputed ‘‘ fertile ” 
and fit for incubation. 

The results were briefly as follows : — 

Egg No. 1, at the end of 24 hours’ incubation, gave a small ascend- 
ing blaze. 

No, 2, at the end of 48 hours, gave a similar but rather more 
distinct effect. 

* “ On theBlaze-currentisof the Frog’s Eyeball,** ‘ Phil. Trans.,’ B, vol. 194, 1901. 

t ** On Skin Currents. Part I. Tbe Frog’s Skin,” * Roy. Soc. Proc.,’ June 6, 
1901; ‘*Part II. Observations on Cats,” November 21, 1901; “Part III. 
The Hnman Skin,” May, 1902. 

3! ** An Attempt to Estimate the Vitality of Seeds by an Electrical Method,” 
*Eoy. Soc. Proc.,* vol. 68, p. 79. 
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Egg No. 3, also at the end of 48 hours, gave large effects in both 
directions, larger and more persistent in the upward than in the 
downward direetion. The difference between the reactions of 
these two eggs was in obvious correlation with their unequal 
degree of development, for whereas in No. 2 an area vasculosa 
was only just apparent at one border, in No. 3 it was well 
formed, and the heart was observed pulsating for more than 12 
hours after exposure of the blastoderm. 

No. 4 (72 hours) reacted well in both directions, and was normal. 

No. 5 (72 hours) gave me pause. In spite of repeated trial I could 
not obtain a trace of the reaction that I expected to obtain. 
Every stimulus of whatever strength and direction gave rise to 
a slight counter-effect. But the explanation of the result was 
forthcoming when the egg was opened. No development 
whatever had taken place. 

No. 6 (72 hours) gave normal reaction in both directions. Develop- 
ment was normal. 

No. 7 (96 hours), normal reactions and normal development, Ee- 
action abolished by rise of temperature with embryo exposed. 

No. 8 (108 hours), normal reactions and normal development. Re- 
action abolished by rise of temperature. 

No. 9 (144 hours), normal reactions and normal development. 
Reaction abolished by injection of a 2-7 per 100 solution of 
'mercuric bichloride. 

No. 10 (12th day of incubation) gave no blaze in either direction, 
only polarisation. The contents of the egg were rotten. 

The above series of results was evidently in accordance with the 
fundamental fact. There was no exception to rule in any of the ten 
trials. 

Certain of these ten observations were taken in closer detail in order 
to get at information as to relation between stimulus and response, 
effect of strong electrical stimulation, &c., and although these matters 
will demand considerable further investigation, some of the results 
may be described now. 

This first series, by no means satisfactory from a chicken-farmer’s 
point of view, was practically conclusive for my purpose, which was to 
learn whether the presence or absence of a living embryo could be 
diagnosed from the presence or absence of blaze-currents. 

Other trials made at times of year still more unfavourable as regards 
probability of development, viz., in August and in November, gave 
results that were equally satisfactory from my point of view. 

Thus in the second series. No. 1 after 32 hours’ incubation gave 
small blaze effects of ± 0*0010 volt in both directions; the blastoderm 
was the size of a sixpence, and there was no sign of circulation. Nos.^ 

P 2 
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and 3 were used in tlie absence of incubation for a careful examination 
of the exposed blastoderms, one at normal temperature, the other at 
38“ ; polarisation currents were alone observable in these two cases, 
amounting to ± 0*0002 volt. Nos. 4, 5, and 6 at 50 and 58 hours 
gave positive blaze of only 0*0030 and 0*0010 volt, and their blasto- 
derms were found to be very defective. Nos. 6, 7, 8, 9, and 10 gave no 
blaze whatever, only the usual small counter-deflections of ± 0*0002 
volt due to polarisation, and on being opened exhibited no sign of 
development. 

Incidentally to this first series of trials I noted that 
1. The ** normal current,” from a developing egg, led off* as described, 
is positive or ascending, and if the egg is left undisturbed diminishes 
during observation. I consider it to be a “ manipulation blaze 
due to handling of the egg and disturbance of the embryo. It is 
presumably the current first pointed out by Hermann and von Gendre 
in their statement that the embryo is positive to any other part of 
the egg contents, * Le., that tha?e • is a current from content to 
embryo.* 

I-io. 1. 



Hen’s 2£gg after 48 hours* incubation. Coil at 0. Single break shocks in ascend- 
ing (+) and descending (— ) directions. Response only in ascending ( + ) 
direction. 


2. The embryo is easily exhausted and killed by repeated excitations 
of moderate and of excessive strength. Fig. 1 (No. 1935) exhibits 
the fatigue decline of a succession of reactions to strong induction 

* Hermann u. von Cendre, “ TJeber eine Electromotorische Eigenschaft des 
behruten Huhnereies ” ‘ Pduger’s Arehiy,* 1885. 
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shocks at intervals of 5 or 6 minutes. By strong tetanisation the 
reaction is completely abolished ; the chick has been “ electrocuted.” 

In a third series of ten trials upon “ fresh eggs ” from a London 
shop, and at a very unfavourable time of year as regards develop- 
ment, the results were as clear as could be desired. At the end of 
12 days of incubation nine of these eggs returned what was by this 
time familiar to me as a negative answer, viz., small counter-currents 
due to polarisation, and all the nine showed no sign of development ; 
only a single egg gave blaze-currents of ±0*0010 volt, and was found 
to have developed to the extent usual at the end of 24 hours under 
ordinarily favourable conditions. 

In the following year (1902) I returned to the subject and made 
two further series of observations, paying particular attention to the 
direction of blaze-currents of the first few days of incubafcion. In the 
interval between these observations and those of the previous year I 
had studied the currents of mucous membranes, with the general, but 
by no means invariable, result that the blaze-currents are of ingoing 
direction. I therefore expected to find, and did find, that the response 
of an early blastoderm to either direction of current is of positive or 
ascending direction, Le., ingoing as regards the hypoblast, and out- 
going as regards the epiblast. 

I also took the opportunity of testing active eggs on what has been 
described in previous papers* as the ABC plan, after excitation 
through A, the superior pole, and B, the inferior pole of the egg, the 
lead-oflf to the galvanometer through A C was found to be effective 
(outgoing current at A), and the lead-off through B C ineffective. The 
response was outgoing or positive at A after both directions of excita- 
tion between A B. 

The method of observation is further illustrated by the follo\nng 
table and plates. Plates 1939-40 taken on the 6th egg (72 hours) 
are given in detail to show how the magnitude of response varies with 

1 939-40. Chick Embryo. 7 2 hours. 


Arithmetic Increase of Quantity and of Energy by increasing Capacity 
at Constant Voltage. 


Capacity. 

Pressure. 

Quantity. 

Energy. 

Response. 

1 m£. 

8 *4 Tolts, 

8 *4 me. 

S60 ergs. 

0 *0010 volt. 


8-4 „ 

16-8 „ 

720 „ 

0*0018 „ 


8*4 „ 

25-2 

1080 „ 

0*0022 „ 


8-4 „ 

33 -6 „ 

1440 „ 

0*0025 „ 

^ »> 

8*4 „ 

42-0 „ 

1800 „ 

0*0027 „ 


Roy, Soc. Proc..’ vol. 68, p. 488; vol. 69, p. 181. 
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the magnitude of its exciting cause. The response appears to depend 
on energy rather than on (quantity of electrical stimulus j plate 1948 
taken on the 8th egg (108 hours) shows this point even more clearly. 
The gamft chick was used for examination of the influence of 
temperature. 


Arithmetic Increase of Quantity and Geometric Increase of Energy by 
increasing Voltage at Constant Capacity. 


5 mf . 

2 *8 volts. 

14 nic. 

200 erjys. 

0 *0006 volt. 

s .. 

5-6 „ 

28 „ 

800 „ 

0-0011 „ 

5 „ 

8-4 „ 

42 „ 

1800 „ 

0-0013 „ 
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Pressure. 

Capacifcj. 

Quantify. 

Energy. 

Kesponse. 

6L. 

1 mf. -i- 

8 *4 mo. 

360 ergs. 

+ 0*0005 



, , 

-0*0016 

:? 

2 mf. + 

16 -8 

720 

+ 0*0009 

>> 

)» *“ 


, , 

-0-0025 

?j 

3 mf. + 

25 *2 

1080 

+ 0*0011 

ji 

4 mf . + 



-0*0032 

j» 

33-6 

1440 

+ 0*0015 


>» ~ 



-0*0040 

»> 

5 mf . 

1 42*0 

1800 

+ 0*0019 

>J j 

»7 


•• 

-0*0043 

2L. 

Smf. + 

14 *0 

200 

+ 0*0000 

4’l. 

S> 


♦ . 

-0*0015 

I 

JJ T 

28*0 

800 

+ 0*0010 

” 1 


. , 

, , 

-0*0036 

6L. ] 

; 

42 *0 

1800 

+ 0*0019 

:> 


•• 


-0*0042 


VoLb. 



July 25. Chick, 108 hours. 

Influence of Temperature. 

Exc. hy Condenser discharge. 5*6 volts; 4 L 5 mf. + 


Time. 

Temp. 

Blaze. 

Besistance. 

0 

28'* 

+0017 

60,000 w 

5 

28 

0016 

— 

10 

34 

0014 

4 

15 

38 *5 

0009 



20 

41 *5 

0004 

35,000 

25 

44® 

0000 



35 

37 

0000 



45 

31 

0000 

35,000 

! 


Summary, 

The presence of a blaze-current is a certain sign that development 
has progressed within the egg. 
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In the early stages — when presumably the blastodermic membrane 
has not yet become folded to form a tubular embryo— the blaze- 
currents aroused by both directions of excitation are positive or 
ascending. 

At a more advanced stage of development the blaze-currents are 
usually homodrome with the direction of excitation, viz., positive or 
ascending after a positive or ascending excitation, and negative or 
' descending after a negative or descending excitation. 

In some cases, but with such infrequency as to deserve to be charac- 
terised as exceptional, both responses have been observed to occur in 
a negative or descending direction. This may have been due to 
attachment of the embryo to the shell. 

[I have made a few observations on frog s spawn, and although these 
have not yet been sufficient to enable me to specify the conditions of 
the presence or absence of the reaction, I think that the fact of its 
presence is worth reporting, as well as the further fact that in some 
cases of undoubtedly living spawn I have failed to detect it.] 



Spawn . — Two hoDaodronie responses of + and — 0*022 Tolt to excitation 
"by hTenk current at -f and — 5000. 



JPVoy’a Spawn . — Series of hoxnodrome responses to series of single break induction 
currents 5000 4* at intervals of two minutes. 



Fourth Series. June 1902. Berne Coil. 2 Leclanch4^s. 10,000 units. 
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the ‘ Blaze-ciiiTeiits ’ of the Crystalline Lens. By A. D. 

Wallee, M.D., F.RS., assisted by A. M. Wallee. Eeceived 

October 23, — Bead December 4. 1902. 

(From the Physiological Laboratory of the University of London, S.W.) 

In the course of investigation of the effects of light and of electrical 
excitation on the frog’s eyeball, I came to the conclusion that tissues 
other than retinal are coeffective in the response to strong induction 
hocljs, and proceeded therefore to look for blaze-currents in other 
iving tissues.* 


# ‘ Phil, Trans.,’ B, 1901, vol. 194, p. 185. 

The follo'wing extract from my note book of 1900 gives instances in "whicli the 
reaction of the anterior half of the eyeball vpas observed to exce&d that of the 
posterior half. 

Frog’s eyeball, entire and bisected. 

Excitation by single break shock from Berne coil. , 


Strength of 
excitation. 



Anterior half. 

Whole eyeball. 

Posterior half. 

1000 + 

+ 0*001 3 volt. 

Kil 

+ 0 *0030 volt. 

1000- 

+0*0026 „ 

» 

+ 0*0033 ,, 

Another eyeball — 




5000 + 

+ 0*0017 „ 

+0*0002 

-0*0020 „ 

5000- 

-0*0013 „ 

+ 0*0002 

-0*0040 „ 


Bog’s eyeball. 

•4 hours post mortem. 


5000 + 

-0*0024 volt. 

Nil 

-0*0030 „ 

5000- 

-0*0008 „ 

>3 

-0*0004 „ 


The eoraea alone gave — 0*0030. 

-0 *0006. 

The lens alone gave nothing. 

In these early experiments (November 1900) no particular care was observed to 
avdd compressing the eyeball, and the response of the lens was therefox*c not 

Fk^s Eyeball. Tested by the ABO method . B — fundus. A = cornea. 
0 k midway hetw^n Aand B. Excitation by single break shocks of Beine coil 
at 1000, supplied by two Leclanch4 ceUs. 


Excitation — 

B^ A 

+ 0*0052 

Total response B > A 

Partial response + 0 *0025 

b^ween 0 and A >■ 

C A 

Pmrtiai r(^ponse + 0 *0008 

between C and B ^ 

B C 


Excitation + 

B > A 

+ 0*0138 

B ^A 

+ 0*0060 

C A 
+ 0*0015 

B C 


The particular point that aroused my attention in the case of the 
eyeball was the fact that the anterior half of the eyeball was some- 
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times found to give a larger response than the posterior half, and the 
present observations proceed from an attempt to determine the princi- 
pally effective part in such reaction. And I may state at once, as my 
chief conclusion, that it is the crystalline lens. 

The eyes upon which the determination was made, in the first 
instance, were those of fish — whiting and mackerel — by reason of the 
fact that these were for a season at my disposal quite fresh from the 
sea. I subsequently made similar observations on the eyes of octopus, 
on sheep^s eyes fresh from the slaughter-house, and on the eyes of 
recently killed cats and rabbits ; also on the eyes of an owl. 

The point that was most striking in these first observations was the 
great endurance of the reaction in the crystalline lens as compared 
with its rapid disappearance from the remaining tissues of the eyeball 
and from the skin, and with the rapid disappearance of the direct 
electrical excitability of muscle. I should, as an outcome of these 
observations, look for the last sign of life of a fish by testing the 
crystalline lens, whereas in the ease of man I should test a piece of 
skin. The reaction — as far as I have yet seen — ^has been completely 
absent from frozen fish (salmon) as received from London fishmongers. 
Its normal direction in the lens is “ negative,” z.r., from external to 
internal pole. It is abolished by heat (70“) and by compression. 

My first experiments with the eyes of fish were to ascertain on the 
entire eyeball what type of blaze reactions — ^if any — is manifested 
The results were as follows — 

Exjp. 1. Whiting. — Excit. and lead-off through AB. Beime 
coil. Two Leclanches in primary circuit. Single break 
induction shocks. 

1000 -f gave -0*0004 volt. 

1000- „ -0*0007 „ 

5000 -t- „ -0*0010 „ 

‘ 5000 - „ -0*0017 „ 

Reactions after immersion in hot water. 



5000 + gave nil. 
5000 — ,, „ 


2. Whiting. — Excit. through AB and lead off 
through BC or AC. (The system of notation is ex- 
plained in the ‘ Roy. Soc. Proc.,’ vol. 69, p. 183.) 


3000 - 
3000 + 






nW 


nW 


3000 - 
3000 + 



g 
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Response from A to C ; no response from B to C. 


Lens alone. 

Exc. 1000 + 

gives 

-0-0025 


1000- 


-0-0060 

Oornea alone. 

Exc. 5000 + 


nil. 


5000- 

JJ 

-0-0005 

lens alone. 

Exc. 1000 + 

J> 

-0-0020 


1000- 

5> 

-0-0050 


Completely abolished after immersion in bot water. 

A similar experiment gave similar results : in the first lens the 
response was completely abolished by compression, in the second lens 
was greatly diminished and modified by tetanisation j the response 
- + excitation being at the outset - - , then - + , then + 4* . 


Excitation 
Response I 



3. Mad^el — About 5 hours after death. Lens alone. 

1st lens. Exc. 1000+ gives nil. 

1000 — }> }> . 

10000+ „ +0*0007 

10000- „ +0*0005 


2nd lens, Exc. 1000+ „ 

1000- „ 


+ 0*0050 
+ 0*0020 


strong tetanisation for 1 minute. 

1000+ „ +0*0015 

1000 - „ - 0*0020 , 

After compression there is no response at all to 'any strength of 
excitation. 

not alive to the orientation of the response in this 
experiment. The + and - signs may therefore have been transposed 
in these two experiments. 

4. MadcereL — 24 hours fost mortem. Isolated lens. 

1000+ gives -0*0005 volt. 

1000- „ -0*0008 

5000+ „ -0*0010 „ 

5000- „ -0*0015 „ 


After strong tetanisation for 1 minute. 

5000 + „ + 0 * 0010 volt. 

5000- „ -0*0008 „ 
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After compresBiOH no further response. 

There was no appreciable alteration of resistance after tetanisation, 
Exp. 5, Whiting . — 4 hours post mortem. Isolated lens. 


1000+ gives +0*0002 
1000- „ -0*0010 


500+ gives 
1000 + „ 
2000 + ,, 
5000+ 3, 

10000 + „ 


nil nil A 

+ 0*0002 + 0*0002 
+ 0*0025 + 0*0020 

+ 0*0050 +0*0040 

+ 0*0055 + 0*0050 


No further response after compression. 


Volz 



Exp. 6. Mackerel . — 48 hours post mortem. Isolated lens. 


Exc. 1000+ gives 

1000- 
10000 + 

10000 - „ 


-0*0003 volt. 
-0*0004 „ 
- 0*0010 „ 
-0*0015 ,3 


The response is abolished by plunging lens in hot water. 

Exp. 7. Octopus . — 15 hours after removal from water. 

The isolated eye gives no distinct response either to light or to electri- 
cal excitation. 

Its isolated lens gives to 

1000+ a response of +0*0040 volt. 

1000- „ +0*0005 „ 

5000+ „ +0*0015 „ 

5000- „ +0*0010 
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Later and with altered position of lens on electrodes. 


1000+ a response of - tiace. 


1000 - 
5000 + 
5000- 


-0*0004 volt 
-0*0005 „ 
- 0*0010 „ 


Ei}K 8. Dogfish . — Isolated lens 

1 000 + gives - 0 * 001 2 volt. 

1000- „ -0*0020 „ 


The lesponse is abolished by pressure. 

E/j). 9. Cicrhoo Fish (white). — Some hours {} 4 or 5) after death. 

The eyeball gives no response to light or to electrical excitation. 

Its lens, to 5000 + gives - 0 * 0020 volt. 

5000 „ -0*0050 „ 

Set up in connection with three electrodes so as to be excited 
through AB, and led oif through AC or BC (as for the entire eyeball). 
The lens lesponses are as follows : — 

BOA 

AB Exc. 5000 - ^ 

AC Eesp. - *0035 

AB Exc. 5000 + 

AO Eesp. -*0025 

AB Exc. 5000 - ^ 

BC Eesp. - *0015 

AB Exc. 5000+ 

BC Eesp. - *0006 


Eip. 10. (Jnekoo Fish (yellow). — Isolated lens. A few houis (H or 5) 
after death. 

Exc. 1000 + gives - 0 * 0030 volt. 

1000+ „ -0*0050 „ 

On returning to London, I first tried salmon’s eyes, and then 
adopted the cod’s eye as affording a constant supply of suitable 
material. 

Ejp. 11. ScdMon (from a London shop). — Isolated lens. No response. 
The fish had been kept in ice. 


1000+ gives nil. 


1000 - 
10000 + 
10000 - 


1) 


79 



199 


1902 .] “ Blaze-mrrcnts ” of tlie Grystalline Lois, 

Ex;p, 12. Codfish (Isfc). — Isolated lens. Fish said to have been 
brought to shore on the previous day. 

5000- gives -0*0040, -0*0020 

5000+ „ -0*0010, -0*0010 

Photo. 4242 is now taken — 

5000+ „ -0*0009 

5000- „ -0*0022 



JBhoto. 4242. — Codfish Lens. Anti- and homodrome responses. 


The normal current was -0*0008. 

The other lens gave no distinct response. 

The same lens next day gave 

to 5000+ -0*0005 

-O'-OOIS 

abolished by heat. 

13. Codfish (2nd). — Lens. 1 or (?) 2 days after capture of the 
fish, tested by the ABO method for determination of the seat of the 
response. (Given in extenso,) 

Eo:^). 14. Codfish (3rd). — Lens. ? second day after capture. 


-0*0007 

-0*0033 


VOL. LXXI. 


5000 + 
5000- 
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10000 + 

-0*0013 

10000- 

-0*0048 

10000- 

-0*0052 

10000 + 

-0*0015 

5000- 

-0*0027 

5000 + 

-0*0008 


Moderate compression gives - deflection off scale in consequence of 
mechanical excitation. Considerable compression abolishes all re- 
sponse. 

The oth^r lens gave no response; the eye from which it had been 
removed was evidently injured, being full of blood. 

Exp, 15. Codfish (4th). — Supplied as fresh ; neither lens gave any 
response. 

Esip,l^. Mackerel. — Lens. Pish reputed fresh. 


5000 + 

5000- 

Moderate compression 
5000 + 

5000- 

Severe compression 
5000 + 

5000- 


-0-0004 

- 0-0011 


+ 0*0002 
+ 0-00015 


nil. 

J5 


Exp, 17 . — ^The lenses of four sheep’s eyes brought from the 
slaughter-house and tested within 3 hours after death gave no distinct 
response. 

Exp, 18. Sheeps s Head, — 1st lens removed from the eye 4 hours post 
mortmn with least possible compression. Normal current = +0*003 


Same lens 
Next day 


1000 + 

nil. 

5000 + 

-0*0008 

- 

-0*0030 

+ 

-0*0002 

- 

-0*0020 

+ 

-0*0004 

- 

-0**0007 

+ 

-0*0002 

- 

-0*0003 


No response after immersion in hot water. 

2nd lens removed from the eye 18 hours nmiern. 

5000+ -0*0005 

- 0*0012 
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Then photo. 4248 — 

5000+ -0*0010 

„ - -0*0014 

■ „ + -0*0005 

„ - -0*0008 

19. Cat, — Lens. \\ loom post mortem. 

1st lens 5000 + - 0 * 0003 

„ - -0*0008 

Eesponse abolished by compression. 

2nd lens 5000 + - 0 * 0002 

„ - -0*0006 

f Same lens + - trace 

I next morning - + trace 

Exp, 20. Mackerel. — Lens. Eeputed fresh. 

1000+ +0*000*2 

-0*0001 

5000+ +0*0003 

-0*0004 

10000+ +0*0004 

-0*0006 

Eesponses homodrome throughout. 

Exp. 21. bill Codfish.- — Lens. 

1st lens 5000 + - 0 * 0002 

+ 0*0001, -0*0002 

10000- -0*0006 

+ -0*0002, +0*0003 

2nd lens 10000 + - 0 * 0001 

+ 0*0001 

Attempts were made to test the last two lenses by lateral eye rota- 
tion ; the results were uncertain and variable. Similar trials in other 
cases were equally variable. 

Exp, 22. Gat, — Lens. 5 laoxas post rmiem', 

1st lens. Initial current +0*0011 

1000 + and- gave nil, nil. 

5000 + „ ~ „ - 0 * 0004 and nil. 

2nd lens 5000+ „ -0*0015 

5000 - „ - > 0 * 0030 (off scale). 

Exp. 23. Brill . — Lens (*? 24 hours). 

Initial current - 0 * 0036 

Exc. by single break 1000 + - 6 * 0020 

Q 2 
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1000- -0*0080 

100+ -0*0003 

100- -0*0015 

After compression 1000+ and - nil, nil. 

Electrodes tested by 1000+ „ - „ „ 


Note . — The lens of this fish is rather smaller than convenient. 
34. Frog. — ^E. temporaria. 


Entire eyeball. Initial current 
Exc. by single break 100 + 
JJ 100 — 


- -0*0030 

- + off (>0*002) 
= +off (>0*002) 


Its isolated lens. 


100 + and - - nil, nil. 

1000+ = -0*0005 

1000- = -0*0010 


Subsequently both responses were observed to be homodronic, viz., 
+ to + exc., and - to - exc. 

The isolated lens of the other eyeball gave similar results. 

The lens of the frog’s eye is inconveniently small, nevertheless, with 
due care, typical effects can be observed upon it, viz., negative 
responses* to both directions of excitation, the homodrome exceeding 
the antidrome response. The normal and typical response of the 
entire eyeball was, as previously stated, positive to both directions of 
excitation. Eana temporaria has, in my experience, given clearer 
effects than Rana esculenta, 

Esrp. 25. Gat . — 5 hours post mortem. 

1st lens. Initial current = - 0 * 0030 

Exc. by single break 5000 + = - 0 * 0005 

5000 - = - off scale ( > 0 * 0030) 

After compression the positive current was nearly doubled, and 
there was no response to 5000 + 5000 - . 

The 2nd lens, less carefully removed, gave no response to 5000 + 
and -. 

Of five successive cod’s heads supplied to me in London as fresh, all 
but one gave responses of typical character, as illustrated by the photo- 
gram; in every case, however, the lenses of the two eyes were 

* ThroTighout this paper, current signifies current through the (eyeball 

or) lens directed from posterior to anterior surface, and negative current the 
reverse of this. In one experiment (Exp. 13, with reversed zincs) the direction of 
the r^ngs unavoidably breaks this conventional rule. And, indeed, in other 
experiments this rule has occasionally been broken, as in Exp. 13, in order to set 
aside conceivable fallacies of the electrodes, kept in an invariable relation to each 
other—e.y., an invpiable inequality between them, or a gravitation current of 
liquid from A to B, or a constant difference of area, and therefore of current- 
density at A and B. 
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unequally good ; in three instances one of the lenses gave no response, 
and in one of these three instances the eyeball was filled with blood. 
I think the dijBference between the two eyes must have been due to the 
fish having been killed by stunning, or it may be that in transit to 
London one of the eyes had suffered compression. But whatever the 
real cause of the difference may have been, the lenses of fish obtained 
in London were far less satisfactory than those of fish directly taken 
from the sea. In the latter case, both lenses, if carefully removed, were 
equally effective (provided the fish had not been stunned in the usual 
way on removal from the hook). 

Similar effects are obtainable on the crystalline lens of the mamma- 
lian eye ; but it is essential to avoid any undue compression of the 
globe. Thus I completely failed to observe any effect on the lens of 
eyes removed from the orbit of dogs and cats in the usual manner, 
also on the lens of sheep’s eyeballs brought fresh from the slaughter- 
house. 

But with lenses carefully removed from the eyes of a fresh sheep’s 
head and of a recently killed cat, typical and regular responses were 
obtained, -which were abolished by intentional compression as well as 
])y immersion in hot water (60° to 70°). 

I think it desirable to give m extenso one experiment (No. 13) to 
illustrate the precise nature of experimental evidence and the system 
on which it is taken down. It is very easy to make sure of the 
direction of a current used for excitation in relation to a total or 
bipolar response, but it is not easy without a strictly systematic plan 
to make sure of this relation when a partial or unipolar response is 
under investigation. It is advisable for the latter purpose to carefully 
verify the connections of the ABC key* so that directions of deflection 
may immediately signify directions of current between the points of 
investigation, arid be noted accordingly in a legible form that can be 
readily reviewed. 

PosC. EquaC. Ant. 

Exc. 5000 + through BA 
Response from AC 

Exc. 5000 - through BA 
Response from AC 

Exc. 5000 + through BA 
Response from BC 

Exc. 5000 + through BA 
Response from BC 

* Described in ‘Boy. Soc, Proc./ toL 69 , p. 181 , 


/ 


B 


nW 


A 

-► 


^ —.002 Anti 
* past'-k^thodiCi 

,—'004 Homo 
pQot~-6.nodic. 


nil. 
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I give the normal currents, not that they are essential, but because 
an expert reader might wish to know* them. 

Normal, ie,, accidental current BA. ^ + *0062 

- - 00^3 

BC. , ,, „ > +*00/6 

All response was from the anterior pole ; none from the posterior. 
The series was repeated with similar results, and now the zincs of the 
electrodes were transposed so that the connections were — 

Ant:. Equ&b. Post. 

BOA 

^ 

r/ti 



as before resj^nse only from anterior and not from posterior pole. 

Now the lens is turned round — the zincs left reversed as before 

and the connections thus revert to : 

Post. Equ3.t. A/it, 

B £ ^ 

n/U 


< 

nit 


> 

^^•0007 




*•* 00/0 


Finally, the zincs are replaced so that 
reversed — 


we have the 


lens left 


Ant. EquaC. Post. 

Boa 

^ 

> +* 000,6 



+*0006 
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The lens is submitted to compression, after which there is no 
response of any kind, either total or partial ; it is placed for a few 
minutes in hot water until coagulated white, and again tested without 
any response. The temperature at which the first obvious sign of 
coagulation was observed was 38°. The lens was completely white 
at 48°. Beyond 50° no further increased whiteness could be seen. 

I conclude from this and similar experiments — r 

1. That a crystalline lens of suitable size is a good object upon 

which to study the nature of blaze-currents. 

2. That a “ blaze-current ” is a physical sign of the “ living ” state. 

3. That a blaze-current may be post-kathodic as well as post-anodic, 

antidrome as well as homodrome. 

4. That the direction of blaze-currents in the lens is negative or 

ingoing, Le.^ from external or anterior to internal or posterior 

pole. 

Added Deoembeii 4, aiter the Keceipt of Dpv. Durig’s Paper. 

(See p. 212.) 

25. Nov. 1. Owl . — Positive responses of the anterior half of 
the eyeball; negative responses of the lens alone; positive responses 
of the cornea alone. 

1st eyeball. Anterm half. 7 minutes morteai. 


Initial current 

s=: 

-0*0008 to 

-0*0018 volt. 

Exc. by single break 

1000-1- 

+ 0*0005 


J5 5J 

- 

+ 0*0005 


J3 JJ 

5000 -h 

+ 0*0020 


33 53 

- 

+ 0*0015 


33 33 

- 

+ 0*0015 


33 33 + 

Lens (Uoite. 

10000 -h 

Cornea alone. 

+ 0*0015 

-0*0005 

-0*0020 


Single break 

10000 + 

nil. 


33 

10000- 

nil. 


Several 

10000 + 

+ 0*0012, 

+ 0*0010 

33 

10000 - 

+ 0*0020, 

+ 0*0020 

Tetanisation 

10000 + 

+ 0*0015 


33 

10000- 

+ 0*0025 



Cornea plunged in hot water. 

Tetanisation 10000 - nil. 

11 10000 -p 4* 0 * OOOo 
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2nd eyeball. Anterior half. 2 hours 10 minutes post mmiem. 

Initial current = + 0 • 0005 to nil. 

Exc. by single break 5000 + +0-0010 volt. 


Lens dlmte. 

Exci by single break 5000 + 

5J - 

jy jj 1000 + 

>5 }) — 

Cornea alone. 


+ 0*0010 volt. 

+ 0*0015 „ 

- >0 * 0030 (off scale) 
->0*0030 

- 0*0004 

- 0*0010 


Single break 

5000 + 

nil. 

JJ 

- 

+ 0-0007 

JJ 

10000 + 

nil. 

JJ 

— 

+ 0-0009 

Several 

10000 + 

nil. 

JJ 

Lens 

replaced. 

+ 0-0010 

Single break 

1000 + 

-0-0007 

JJ 

- 

-0-0012 

JJ 

5000 + 

+ 0-0003 

JJ 

- 

+ 0-0005 


4 S’’ fr™ wto- on Friday, NoTOmber 7, .t 

8, 4.45 P.M. r>e»dn,tra«.n at B.yri,,logi.aI 
to. by mgl, break 1000+ - ’^oSrvoIt 

Leclanchfe in pri- 1000+ after nil 

maiy circuit 1000- compression nil.' 

2nd day. 1st lens (Nov. 9) 

10000+ -o-om 54 £J.n 'f.i -Mj-k W4 j-v 'Ll. 


2nd lens (Nov. 9) 

6 p.M. 500 + 

600 + 

10 P.M. ” + 


-0-0013 antidrome blaze 

— 0-0010 homodrome „ 

— 0 - 0002 antidrome „ 
-0-0018 homodrome „ 
-0-0003 antidrome „ 
-0-0018 homodrome „ 

— O'OOOS antidrome „ 
-0-0017 homodrome 
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700 + 

-0-0013 

antidrome blaze 

— 

> -0-0028 

homodrome 

J5 

600 + 

-0-0008 

antidrome 

5> 


> -0-0028 

homodrome 

5> 

» + 

-0-0006 

antidrome 


5> “ 

-0-0020 

homodrome 


+ 

-0-0004 

antidrome 

» 

- 

-0-0018 

homodrome 

3? 

+ 

-0-0003 

antidrome 

33 

- 

-0-0011 

homodrome 

3' 

-J hour interval. 



600- 

-0-0031 

homodrome 

33 

3rd day. 2nd lens (Nov. 10) 




600- 

> -0-0038 

homodrome 

33 

500 + 

-0*0011 

antidrome 

33 


-0-0038 

homodrome 

53 

400 + 

-0-0003 

antidrome 

33 

j» ““ 

-0-0016 

homodrome 

33 

4tli day. 2nd lens (Nov. 11) 




400 + 

-0-0008 

antidrome 

33 

- 

-0-0006 

homodrome 

33 

500 + 

-0-0005 

antidrome 

33 

- 

-0-0005 

homodrome 

33 

400 + 

-0-0001 

antidrome 

33 

- 

-0-0002 

homodrome 

33 

5t}i day. 2nd lens (Nov. 12) 




500 + 

nil. 




nil. 



1000 + 

nil. 




nil. 



5000 + 

>j — 

-0-00011 
+ 0-0002J 

^ polarisation 


Tetanise 10000 + 

+ 0-00101 

!» blaze 1 


jj ~ 

-0-0010 J 


6tli day. 2nd lens (Nov. 13) 




Tetanise, 12 p.m. 10000 + 

-0*00051 

!> blaze % 


5> ”■ 

- 0-0006 J 


7tli day. „ 2 P.M. 10000 + 

+ 0-00071 
- 0-0008 J 

j> polarisation 


Sing, shock 10000 + 

-0-00011 
+ 0-0002 J 

^ polarisation 


This is the longest period during which I have followed the response 

of an isolated lens.. 
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Indubitable response, negative to positive (antidrome) and negative 
to negative (bomodrome), to single shocks, was observed on the 4th 
day, absent on the 5th day. 

Eesponse, negative to negative, with strong tetanisation in both 
pairs of directions, was still present on the 5th and 6th days. But oti 
the seventh day the only visible effects were of polarisation direction, 
2 .^., the lens was judged to be dead. 

Exjp. 27. (November 19, with Sir J. Burdon-Sanderson.)—- Lens of 
rabbit eye, removed 4 horns ^nmiem. Normal current 0*0150 volt 
positive declining. 


1st lens. 

Excitation by single shock, 

Coil at 1000 + 


Exeitation with the ABC method. 
By single induction shocks. 

(1st day). 

B C i 
Coil at 5000 

. ^ 

5000 


-0-0006 

-0-0010 followed by 
positive after- 
effect. 


-1-0-0003 


= - 1 - 0-0002 


2nd kns. 

S.s. 1000 


5J 


0-0005 

= - 0-0012 


= - 0-0002 
= -0-0015 


SJ 


JJ 


= nil. 

= nil. 


S.s. 5000 Exe. 
Exc. 


= -1-0-0005 


= + 0-0002 
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Exc. 

Exc. 


- -0-0008 
= -0*0013 


S.s. 5000 Exc. ^ ^ + 

Eesp. ^ - 0 * 0004 

Exc. - 

Eesp. ^ == - 0 * 0008 


Next day. 1st lens. 
(2nd day.) 


S.s. 5000 Exc. 

^ + 

Eesp. 

= -0-0021 

Exc. 


Eesp. 

= -0*0006 

Exc. 

+ 

Eesp. 

= 0*0016 

Exc. 

. 

Eesp. 

- 0*0005 


Same lens compressed. 

S.s. 5000 Exc. + 

Eesp. = -0*0003 

Exc. 

Eesp. trace. 

Same lens coagulated by 
heat(53“C.— 62'*C.) 

Exc. > + 

Eesp. nil. 

Exc. 

Eesp. nil. 


Tetan. Exc. ^ ^ + 

Eesp. nil. 

Exc. 

Eesp. nil. 

2nd lens. 

S.s. 5000 Exc. ^ + 

Eesp. ^5 = -0*0008 

Exc. 

Eesn. = -0*0007 
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Tetan. Exc. ^ + 

Eesp. ■< — = *“ 0 * 0030 

Tetan. Exc. 

Eesp. '-0*0018 

The lenses were now heat-coagulated in normal saline ; opalescence 
appeared at 52® to 55® ; coagulation became complete at 62® to 72®. 
No trace of blaze-current could be obtained from either of the two 
leases after the heat -coagulation. 

Exp. 28. Lens of Eahbih Eye . — 24 hours post mortem, 

2nd day. 

Normal current - 0 • 0036. 


1st lens. 

Excitation. 

Besponse. 

(2nd day). S.s. coil at 

1000- = 

-0*0021 


+ = 

-0*0003 

(3rd day.) 

10000- = 

-0*0003 

2nd lens. (2nd day.) 

+ = 

5000 

a trace - 

Normal current S.s. 

1000- = 

-0*0031 

-0*0019 

+ = 

-0-0015 

(3rd day.) 

5000- = 

-0*0017 

N.C. - 0 

+ = 

-0*0002 


1000+ = 

nil. 


- == a trace - 


Exp, 29. — Lem of Uaihiis Eye, 

N.a = +0*0025. 

S.s. 5000+ - -0*0040 
- = -0*0060 

Strong tetanisation in both 
pairs of directions + = - 0 * 0002 

Neg. deflection of - 0 * 02 - — + 0 * 0003 

E'jp, 29. Eigeom^ Eyes. — 25.11.02. 

The impolaiisable electrodes A and B are applied to the intact 
corneae of the eyes of a decapitated pigeon. 

Excitation is led in by A and B, the response is led out by AO or 
by BC (previously compensated). 
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B C A 
S.s. 5000 -1 ^ 

5000 - 


+ 0-0004 

+ 0-0011 


Tlxe first pair of ex- 
citations is effective. 
B is in each case the 
seat of an ingoing 
response. 


5000 + 


nil. 


5000 


nil. 


The second pair of 
excitations is ineffec- 
tive. A has presum- 
ably been exhausted 
by previous excitation. 


Tat, 5000 


Tet. 5000 


{ 


m- 

h + 


r m+ 
15 - 


Eesponse of A is, 
however, elicited by 

} +0*0004 tetanisation in both 
^ ^ , pairs of directions. 
- 0*0011 ^ 


- - 0*0011 


30. EahUfs Ejjes in situ . — A similar series of trials gave in each 
case a small outgoing effect at each eye, presumably due to corneal 
response. 

In the discussion, attention was drawn to the details of certain experiments — 
viz., Exps. 3, 7, and 20 — as being in disagreement with the general rule that the 
lens response is negative. Exps. No. 3 and 7 were made before I had learned the 
importance of attending to the orientation of the lens. Exp. 20 (and Exp. 5) are 
instances of what, in my experience, have presented themselves as transitional 
types intermediate between the typical physiological response and the ordinary 
polarisation effects of exhausted or dead organs. I have thought it possible that 
certain irregularities of response occasionally met with might have been due to 
unavoidable injury of the JRetractor Lentis (Campanula BCalleri), described and 
figured by Beer.* 

After Exp. No. 7, 1 was always careful to mark the external or comeal pole of 
the lens in sitti by a speck of moist china clay, with which the clay end of 
electrode A was subsequently brought into contact; the opposite pole rested on 
electrode B. 

I may take this opportunity of stating that the eyes of crabs and of lobsters 
gave ingoing blaze-currents (from A to B) to both directions of excitation. 


* * Pfliiger’s Archiv,* vol. 58, p. 574. 
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Contribution to the Question of Blaze Currents.” By Dr 
Abnold Dueig, of Vienna. Communicated by Augustus D. 
Walleb, M.D., B.RS. Received November 20,— Bead 
December 4, 1902. 

(From tlie Oxford Physiological Laboratory.) 

(Translated from the German by Miss F. Buchanan, D.Sc.) 

The numerous experiments of Waller on this subject have raised 
the question as to whether the phenomena of the so-called “blaze 
currents” are to be regarded as a proof of the persistence of life. It 
is the purpose of the present communication to give the results of a 
few experiments which bear upon the subject. These relate princi- 
pally to the response of the eyeball, but also to that of a few other 
organs of the frog, to single induction shocks. As they are not yet 
definitively concluded, I propose here to give only a short description 
of them, and not to refer to their theoretical significance beyond 
pointing out that the results obtained must be taken into account 
before deciding whether or not the currents in question furnish an 
unmistakable sign of vitality in tissues. 

As regards method, the great importance of determining the exact 
moment after excitation, when the first trace of a current appears, 
must be insisted upon. It is essential to know whether or not it is 
afters latent period, and to know its direction, in order to ascertain 
whether, in addition to the reaction of living tissue, polarisation effects 
are also being observed. The capillary electrometer has advantages 
over the more inert galvanometer for this purpose, since the velocity 
with which the meniscus moves when it first begins to be acted upon 
by a difference of potential, as determined from the photographic 
record of the excursion, would enable one to recognise the existence 
of a polarisation current when it is in the same direction as the “ blaze 
current.” Such records have, however, still to be made. The dia- 
gram shows the arrangement of the apparatus employed. 

By the commutator Ci in the primary circuit, the direction of the 
exciting current could be reversed. By means of 0^ the current could 
be sent to the primary coil either direct or after passing through a 
Neef’s hammer. The key, Ki, served to determine whether the 
current should be made or broken, the spring-myograph, M, opening 
accordingly, either the primary circuit itself, or a bridge short- 
circuiting it. It was thus possible to excite the preparation in imme- 
diate succession by ascending or descending, make or break, induction 
shocks, and to excite it after faradisation by a single shock in either 
direction. Another contact, for short-circuiting the galvanoscope, 
was so arranged as to be broken by the myograph immediately after 
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it liad broken, or made, the primary circuit. The distance between 
this contact and one in the primary circuit was of course so chosen 
that the induction current itself should produce no effect in the 
measuring instrument. As the sudden letting in of a resting 
current would have caused great disturbances in the measuring instru- 
ment when the short-circuit was broken, it was necessary to com- 
pensate this very carefully beforehand. By means of the key K 2 the 
compensation could be tested immediately before letting go the 
myograph. The myograph-stand itself was placed in an adjoining 
room in order that the movement of its steel rod might not affect the 
galvanometer. It could however be set in motion from the table on 



which the rest of the .apparatus was placed. The secondary coil could 
be short-circuited by the key K 3 ; the measuring instrument by the 
key K 4 , the keys K 5 and Ko allowing of the introduction of either galva- 
nometer or capillary electrometer to serve as such, in order that the 
results obtained with the one instrument might be quickly cheeked by 
the other. Although the arrangement was well adapted for concordant 
observations, it was defective, not only in the absence of the apparatus 
for recording the movements of the electrometer, but also in another 
more important respect. The necessity of distinguishing what is due 
to polarisation in the study of blaze currents ” has already been 
pointed out. With this in view observations ought to be made in 
such a way as to eliminate the effects of polarisation as much as 
possible, as would be accomplished by using, to produce a single exei- 
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tation, two almost instantaneous induction shocks, as nearly as 
possible equal in strength, but opposite in direction, according to the 
method first introduced by Bernstein and by Hermann in rhcotome 
experiments. The use of an instantaneous make and break contact 
for the myograph and the introduction of a coil, suitably wound so as 
to avoid induction, or of an incandescent lamp, into the primary 
circuit, would have been a simple means of attaining this end. 

To fully acquaint the reader with what is new in the following 
results, and with what is merely confirmatory of the obser'V’^ations of 
others, that is to say of those of Waller, would make the present com- 
munication too lengthy. I will, therefore, take it for granted that 
Waller’s researches, which form the starting-point of the subject, are 
known. 

For the experiments on the eye the organ was kept either in day- 
light or in the dark. The whole eyeball, or the special part of it that 
was being investigated, lay in a slight depression of a kaolin (unpolaris- 
able) electrode, and was connected by a thread of wick moistened in 
physiological salt solution to the second electrode. The experiments 
were always made on the freshly-removed eye, and so relate to Waller’s 
first stage only, A few observations were made on curarised frogs, 
the optic nerve being e3g)osed by the removal of part of the skull, and 
looped round by a piece of wick to lead it off to the galvfinometer. 
Since a certain amount of bleeding ensued when the optic nerve was 
cut, it was especially ascertained at the end of each such experiment 
that the eye-circulation was maintained. In all the experiments 
attached pieces of muscle and connective tissue were carefully removed 
from the eyeball. 

The results obtained by the two measuring instruments, the galvano- 
meter and the capillary electrometer, are fully in accordance with one 
another; the responses to single induction shocks appear, however, dis- 
tinctly smaller in the galvanometer than in the capillary electrometer. 
In the latter instrument the effect exceeds the current of rest in 
^ize, being more than twice and sometimes several times as great when 
cornea and optic nerve are led off. Since the response to light stimu- 
lation is hardly perceptible in the capillary electrometer, one sees at 
once how considerable are the differences of potential of which the 

blaze currents” are the manifestation (Waller). 

Ej^nments on the whole Eyeball when the middle of the Cornea and the 
cut end of the Ojitic Nerve are led off from. 

The cornea is always positive to the optic nerve. If the electrode is 
moved away from the middle of the cornea nearer to the equator of 
the eyeball, the current of rest becomes less, and if moved beyond 
the equator to the posterior part of the eyeball it may be roversed. 
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It is possible to so place tbe electrode that there shall be no resting" 
current, and this is especially the case in the curarised animal in which 
the eye-circulation is maintained (Hermann, Holmgren). When the 
experiment lasted some time the current of rest became reversed,., 
even when the middle of the cornea was led off from. The resjponse^ 
to light is always in the positive direction, in the same direction 
as the current of rest. This positive variation is preceded by a^ 
negative initial jerk (Vorschlag). When the light is extinguished a- 
further positive change occurs which subsequently diminishes, at first 
quickly and then more slowly. Wit^ certain limits the extent of the 
excursion increases with the duration and strength of the illumination- 
No negative initial jerk could be observed in the eye of the living frog 
in response to light j the increase which occurred when the illumination 
ceased was, howe\^, greater and lasted for a longer time than in the 
excised eyeball. The return of the needle took place no more quickly 
than in the excised eye, notwithstanding the maintenance of the circu- 
lation and the consequent greater activity of assimilation processes. 

Excitation of the eye in the dark by light after previous excitation 
by electric currents usually resulted in an augmentation of the excur- 
sion, the excursions actually observed being greater than the sum of 
the after-effect produced in response to the induction current and the 
excursion which is the normal response to illumination alone. A still 
more striking augmentation of the effect occurred after previous faradi- 
sation (Waller). The fact that the augmentation occasionally eluded 
observation may be due to the circumstance that the sensitiveness of 
the galvanometer had often to be reduced by a tenth on account of the 
largeness of the excursion due to the conabined effect of “blaze- 
currents and light currents. 

Electrical effects in response to light are given not only by the 
pms optica refince, but can be obtained also from the anterior part of 
the eyeball alone, the. excursions, which could only be observed by 
galvanometer, being, however, very small. The possibility that the 
heat of the small incandescent lamp which was used for giving the 
light-stimulus may have been responsible for the effect must be borne 
in mind, and alterations which may have been produced in the muscles 
of the iris must also be taken into account. I am at present engaged 
in making the further experiments that are required with regard to 
this matter. 

The results obtained with the eyeball in response to exdtcdion by 
electrical currents are not in any way affected by the absence or 
presence of light. The currents which occui* in the uninjured eye in 
response to such stimulation are, therefore, independent of the effects 
produced by light, and are to be sharply distinguished from them- 
(Waller.) This is confirmed by the following new observation: — 

VOL. LXXI. , R 
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When the one leading-off electrode is moved away from the cornea 
towards the equator of the eyeball, not only is the difference of 
potential between the two poles diminished, but also the effect pro- 
duced by an induction shock, which was before considerable, has 
now almost vanished. Instead of an excursion extending over 
600 divisions it now extends over only 20 or 30, and its direction 
occasionally varies with that of the induction current. When the 
electrode is replaced on the cornea the original large deviation is again 
produced in response to stimulation. 

When the breaking of the second contact by the myograph lets the 
preparation into the capillary electrometer, two different main types of 
response may be distinguished by the form of the observed effect. 
The curve is either distinctly diphasic, the first phase being nega- 
tive, i.e., in the opposite direction to the resting current, and the 
second, which is always considerably stronger, being positive and 
lasting for a much longer time; or a purely monophasic vari- 
ation is obtained which is always positive. The negative part of 
the diphasic variation was so soon over that when, by means of a 
turn-over key, the preparation was connected with the galvanometer 
by hand instead of by the myograph, the most that could be ol)served 
as the last trace of the first phase was, on account of the rela- 
tively great inertia of the galvanometer, an excursion of a few 
divisions only, by reason of the relatively great inertia of the 
galvanometer. The phenomenon of the diphasic effect occurs when 
the induction currents — especially break-shocks — are in the same 
direction as the blaze current ” is expected to be in, which suggests 
that one is here dealing with pure polarisation phenomena which do 
not show themselves when the exciting current is in the opposite 
direction, as the two effects are then in the same direction. Experi- 
ments with this in view are needed to make the matter clear. No 
explanation has, so far as I am aware, been offered before of the 
occasional absence of the first phase, which, if it is merely a polarisation 
effect, must be a physical change independent of any processes in 
living tissue. 

Faradimtwn produces a distinct augmentation of the resting 
Cerent, which, however, varies greatly in size and duration in 
d^erent preparations. Break and make induction shocks in either 
direction are effectual after faradisation, and produce positive 
variations which appear as an increase of the augmentation. It is 
only after very^ strong faradisation that single induction shocks 
are ineffectual; in this case the initial augmentation of the pre- 
existing current (due to the faradisation) soon begins to disappear, 
the diminution continuing untff a resting current in the opposite 
direction is produced. 

The fact that the effects of excitation are so small when the equator 
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a.nd the posterior part of the e/eball are led off from, is sufficient to 
suggest that the real seat of origin of the “ blaze currents ” is to be 
sought for in • the anterior part of the eye. Waller, who at first* 
regarded the “ blaze currents ” as having their origin in the retina, 
bas in a subsequent! publication, stated that tissues, other than 
retinal, take part in their production. 


Observations on Separate Parts of the Eyeball, 

If the posterior part of the eye alone is placed on the electrodes and 
stimulated, the response is the same as in the whole eye when the 
equator is led off from, Le,^ only a very slight variation occurs. If 
the animior part of the eye is investigated by itself, the effects produced 
are the same as when cornea and optic nerve are led off from. It 
was, therefore, obvious that cornea, lens, and ciliary body must 
next be investigated separately. One would especially expect to get 
electromotive effects with the ciliary ring on account of the attached 
iris and its muscles. Experiment showed that break and make 
induction shocks in either direction always gave deviations and 
excursions in a definite direction which cannot, however, be said to be 
positive in relation to the resting current on account of the incon- 
stancy of the latter, which is due, no doubt, to the irregular con- 
struction of the organ. The preparation is, moreover, very. perishable, 
and very soon gives no effect at all, or only (polarisation h) effects, the 
•direction of which varies with that of the exciting current. 

The leTis is much more easy to work with. From it one obtains, 
according to the position of the electrodes, well-marked though weak 
resting currents in a constant and definite direction. In response to 
excitation, effects in one direction (the positive) occur whatever the 
direction of the exciting current. They are frequently preceded by 
negative initial jerks when the exciting current is in the same direc- 
tion, just as is the case in the whole eye. Although the “blaze 
currents ” are in this case much stronger than they are in the ciliary 
body, those of the two together are not nearly sufficient to account 
for the currents in the whole eyeball. The only remaining part of 
the eye in which to seek for the principal seat of origin of those large 
differences of potential, which occur in the response of the whole eye, 
was now per exclusionem the cornea, and, according to expectation, this 
was found by experiment to give strong electromotive effects. The 
preparation was made by cutting into the eyeball at the edge of the 
cornea with scissors, and then cutting right round the limbus. The 

* Waller, “ On the Retinal Currents of the Frog’s Eye, excited by Light and 
excited Electrically,’^ ‘ Phil. Trans.,* B, toI. 193, p. 123. 

t “ On the * Blaze Currents ’ of the Frog’s Eyeball,*' * Phil. Trans.,* B, vol. 194, 
p. 183. 

R 2 
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imiBr surfacB of the removed cornea was placed on a little projection 
of the kaolin of the one electrode, the outer surface was connected by 
a thick piece of wick with the other. In response to every stimulationy 
large ** blaze currents ” occurred, which in all respects resembled 
those of the whole eyeball, even in their intensity, so that one would 
not have known that the experiment was not being made with the 
whole eye unless one had seen the preparation. The resting current 
was from the inner to the outer surface ; each induction shock, in 
whichever direction, produced an effect in the same direction as the 
resting current. When the excitation was also in the same direction 
as the resting current, this (outgoing, Transl.) response was pre- 
ceded by a well-marked initial effect in the opposite direction. 

According to these observations, the principal place in which the 
** blaze currents” of the eyeball originate appears to be the cornea, 
while the ciliary ring and lens contribute thereto. The retina plays 
quite a subsidiary part in their production. The results of these 
experiments on the cornea give support to the analogies between 
skba and cornea in their behaviour to excitation, to which Waller, by 
comparing the eyeball and skin currents, has already drawn attention, 
although it must not be forgotten that, owing to the difficulty in pre- 
paring it, the cornea is a much damaged tissue. 

The fact that the cornea, an epithelium which is free from mucous 
cells, possesses strong electromotive properties, has a distinct bearing 
on one question which has been sometimes discussed, namely, that as 
to whether it is the mucous cells or the ordinary epithelial cells that 
the cause of the occurrence of differences of potential in skin, 
tongue, <&c. 

Th^e is another point of interest in connection with these experi- 
ments which may be here mentioned, which is, that the “blaze 
currents,” after reaching their maximum, seldom diminish at a 
csoMtant rate. The diminution frequently takes place in a series of 
steps, the current, after beginning to diminish at a regular rate, 
suddenly ceases to diminish for a few seconds or is even slightly 
augmented, thus causing a projection on the curve ; it then diminishes 
again at its previous rate, being interrupted at intervals by fresh 
augmentations. This phenomenon also requires further study. In 
order not to increase the length of this communication, the curves 
obtained and the numbers from which they were derived will not be 
introduced. 

It is the retina especially from which one might have expected to get 
l83:ge electromorive effects. The fact that the response to excitation 
observed in it was so small (and the little there was may not even have 
been entirely due to the retina, since the optic nerve and the sclerotic 
remained attached) is enough to suggest the question whether “ blaze 
currents ” may really be taken as a sign of the persistence of life. 
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their absence as a sign of its c^sation. For the solution of this 
question, a few experiments were undertaken with other organs of the 
frog, namely, liver, kidney, and ovary of freshly-killed animals. With 
such specifically-surviving organs as liver and kidney one would have 
especially expected to find the currents which are supposed to be a 
sign of life. 

Experiments on Lirer, Ovary and Kidney. 

Only one out of all the experiments made gave a result which could 
in any way be compared with that obtained from the eye. The other 
preparations all gave electromotive effects which were often very con- 
siderable, but which cannot be otherwise regarded than as polarisation 
effects, since they varied with the direction of the exciting current and 
were always opposed to it. The one experiment which formed the 
exception can hardly be said to agree with the observations on the eye, 
since, although the excursions were certainly always in one direction, 
they varied enormously in extent, according to the direction of the 
exciting current, the proportion being sometimes as much as 8 to 1. 
Faradisation of the organs produced no result at all when the coil was 
so arranged that the make and break shocks were of equal intensity. 

It seems to me no longer possible, after these observations, to regard 
the appearance of “blaze currents” as a specific property of living 
tissue. It is much more probable that they are to be considered as 
special manifestations of certain epithelial tissues. 

Neither .can the presence of exclusively polarisation effects be taken 
as the sign of the death of a tissue, since these may occur alone in a 
very pronounced manner in living organs, and in a few organs may 
even represent the regular and typical effect to stimulation. 

In conclusion, it is my pleasant duty to thank Professor Gotch, in 
whose laboratory these experiments have been carried out, for the 
facilities afforded me. 
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“The Specific Heats of Metals and the Eelation of SiDeoific Heat 
■ to Atomic might. Part II.” By W. A. Tilden, D.Sc., 
P.E.S., Professor of Chemistry in the Eoyal College of 
Science, London. Eeceived December 8, — Eead December 11, 
1902. 

(Abstract.) 

The following values have been obtained for the mean specific heat® 
of pure aluminium, nickel, cobalt, silver, and platinum, within the 
several limits of temperature indicated : — 


Centigrade. 

Aluminium. 

Nickel. 

Cobalt. 

Silver. 

Platinum, 

-182° 

to 

+ 15° 

0 -1677 

0 *0838 

0*0822 

0*0519 

0 *0292 

- 78 


+ 15 

0*1984 

0 *0976 

0*0939 

0 -0650 

— 

+ 16 


100 

— 

0 *1084 

0 *1030 

0 *0568 

0*0316 

15 


185 

0*2189 

0*1101 

0-1047 

0 -0561 

— 

15 


335 

0 *2247 

— 

— 

— 

— 

16 

>» 

350 

— 

0*1186 

0*1087 

0 *0576 

— 

15 

a 

415 

— 

0*1227 

— 

— 

— 

16 

V 

435 

0 *2366 

0*1240 

0 *1147 

0*0681 

0 ‘0338 

15 

4t 

650 

— 

0*1240 

0 *1209 

— 

— 

15 

9* 

630 

— 

0*1246 

0 *1234 

— 

— 

0 

*f 

1000 

— 

— 

— 

— 

0 •0377^^ 

0 


1177 



— 


0 •0388«' 


From these results the specific heats at successive temperatures on 
the absolute scale have been calculated, and it appears that the 
-assumption of a constant atomic heat at absolute zero is untenable. 

The mean specific heat of a sample of nickel steel, containing 36 per 
, c^tw of nickel and having remarkably small dilatation, was found to 
be as follows : — 


Range of temperature. 

-182" to +15" 
15" „ 100" 
15" „ 360" 
15" „ 600" 


Mean specific heat. 

0*0947 

0*1204 

0*1245 

0*1258 


5he mean specific heats of the sulphides of nickel and silver were 
also determined with the object of getting some evidence as to the 
cause of the difference observed between the two metals in regard to 
the influence of temperature on their respective specific heats. The 
foEowing are the values obtained : — 

* VioUc, ^CJomptes Eendus* (1877), vol, 86, p. 543; also 'Phil. Mag.,’ [6]r 
Tol. 4, p. 318. 
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Bange of temperature. 

-182' to +15' 
15' „ 100' 
15' „ 324' 


NiS. AgjS. 
0-0972 0-0568 
0-1248 0*0737 
0*1333 0*0903 


The mean value for the specific heat of silver sulphide is less than 
that for nickel sulphide throughout, hut little can be deduced from 
the results till the influence of temperature on the specific heat of 
sulphur is known. 


“ Preliminary Note on the Eelationships between Sun-spots and 
Terrestrial Magnetism.” By C. Chree, Sc.D., LL.D., F.RS. 
Eeceived December 18, 1902, — Eead January 22, 1903. 

(From tlie National Physical Laboratory.) 

I have been engaged during the last two years on an analysis of the 
magnetic results obtained at Kew Observatory (now the National 
Physical Laboratory), during an 11-year period, 1890 to 1900. The 
work has been much interrupted, and is still incomplete. Amongst 
the points dealt with is the inter-relationship between sun-spot 
frequency and magnetic phenomena, and, as this has recently been 
engaging attention elsewhere, I have decided to put certain of my 
results on record at once. It has long been known from the researches 
of Balfour Stewart, Ellis, and others, that there is a close connection 
between the times of occurrence of greatest sun-spot frequency and 
largest amplitude of the diurnal inequality of magnetic declination 
and horizontal force. I have investigated whether the numerical 
relationship between the phenomena can be adequately represented 
mathematically in a simple way. 

A convenient basis for the investigation was presented by the publi- 
cation by Professor Cleveland Abbe in the ‘ U.S. Monthly Weather 
Review,' for November, 1901, of a table of sun-spot frequencies as 
calculated by Wolf and Wolfer for a very long series of years. After 
I had carried out all bhe calculations, Wolfer himself published a 
similar table* embodying his latest corrections. The differences from 
Abbe's table are trifling, and mainly confined to two years (1891 and 
1892). I judged it best, however, to revise the whole of my arithmetic, 
so as to employ Wolfer's own most approved figures. In the following 
remarks S represents Wolfer's value for the sun-spot frequency. The 
above-mentioned table gives the mean S for each month and for each 
year. 

The magnetic quantity selected for comparison is the mean monthly 
“range,” meaning thereby the difference between the greatest and 
* * Met. Zeitschrift,’ May, 1902 p. 195. 
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least of the twentj-four hourly values in the mean diurnal ip.equality 
for the month in question, based on the five piiet days selected for the 
month by the Astronomer* Eoyal. Calling this quantity R for any 
particular magnetic element, I tentatively assumed 

E = ^ + 5S (1), 

with a and h constants. I grouped together the 11 Januarys, the 11 
Februarys, and so on, of the 11-year period, and determined a and h 
by least squares for each of the resulting 12 groups. There being 
only 11 years’ data, the calculated values doubtless are appreciably 
afiected by quasi-accidental irregularities, but there is so striking a 
resemblance between the more conspicuous features of the results 
found for the declination, inclination and horizontal force as to 
justify the conclusion that the phenomena are hnd fide. Full parti- 
culars will be given later. At present it will suffice to record the mean 
values found for the a and I of the formula for three groups of months 
— ^viz. : — 

Winter, comprising November to February, 

Equinox „ March, April, September, October, and 

Summer „ May to August. 

The results are as follows : — 

Table I. 


^Winter . • • 

Bqttitjox 
Sommer • • 

As is obvious from (1), a represents the amplitude of the range 
oorresponding to a total absence of sun-spots. During the eleven 
years dealt with, Wolfer’s mean monthly values for S varied from 0-3 
to 129'2, the mean being il'7. 

To b^g out more clearly the similarity of the results for the 
I declination, inclination and horizontal force, I have represented the 
mean value of i for the 12 months in each element by 100. The corre- 
spcmding values for the three seasons are, then, as follows 

Table II. 

Winter. Equinox 

Declination 79 X17 

Inclination 81 113 

Horizontal force 85 116 


Summer. 

104 

106 

99 


Declination. 

a. 6, 

3' *23 O' -0323 

7 '32 0 *0478 

8 *91 0 *0428 
6 *49 0 *0410 


Inclination. 

«. 5. 

O'* 63 0'*0105 


Horizontal force. 
(Dnit 17 = 10 -® 

c.as.) 

A 1 

a. d. 
10*5 0*161 


Vertical force. 
(Unit l 7 = 10~® 

C.O.S.) 



a. h. 

r-O 0-082 
17-2 0-026 
22-7 0-035 
15-6 0-081 


1-26 0 -0147 23-5 0-221 
1-61 0-0137 30-6 0-190 
1-17 0 -0130 21-5 0-191 
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In obtaining these figures I have retained a figure in the value of 
5 beyond that recorded in Table I. 

Tables I and II will suffice to bring outgone of the most important 
points established, viz., that h is certainly different from one month to 
another, and is, for all the elements except the vertical force, decidedly 
larger at the equinoxes (more especially it would appear at the spring 
equinox) than at other seasons. This means that the equinoxes are 
the seasons at which the amplitude of the diurnal inequality, when 
considered aUolutely^ is most dependent on the sun-spot frequency. 

^ When we take into account, however, the difference between the ranges 
of the diurnal inequalities at different seasons of the year, we find 
that winter is the season when sun-spot frequency is relatively most 
important. This will be recognised on reference to Table III, remem- 
bering that a represents the range corresponding to a total absence of 
sun-spots, while a + 41*7 & is the range corresponding to a sun-spot 
frequency of 4T7, this being, as already mentioned, Wolfer’s mean 
value for the 1 1 years in question. 


Table III. 

Values of 41*76 -5- a. 



Declination. 

Inclination. 

Horizontal 

force. 

Tertical 

force. 

Winter 

.... 0-42 

0*69 

0*60 

0*19 

Equinox ... 

.... 0-27 

0*49 

0*39 

0-06 

Summer .... 

0-20 

0*35 

0*26 

0*07 


Table III serves also to bring out another important result, viz., that 
the influence of sun-spot frequency on the amplitude of the diurnal 
inequality is very much less for the vertical force than for the three * 
other elements considered. 

A recent interesting paper by Eajna’* shows that the idea of a linear 
relationship between diurnal magnetic range and sun-spot frequency 
has already been applied by at least two previous investigators, Eajna 
and Wolfer. They seem, however, to have applied it only to mean 
annual values, and to have considered declination only. Eajna, deal- 
ing with declination data, observed at Milan over the long p riod 
1836 to 1901, applies a formula of type (1) to what he calls the 
“ medie annual! delF escursione diurna.” 

The value he finds for 6 is 0'*047. He mentions that in an earlier 
similar investigation, including declination data from several stations, 
W'olfer obtained the value 0'*040. 

I am uncertain as to the precise meaning of Eajna^s medie annual!,’' 
but it certainly is not quite the same thing as the mean range in 
Table I, so that the results are not absolutely comparable. 

* ‘ Eendiconti del E. 1st. Lomb.,* Serie II, vol. ZB 1902. 
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Another recent and able paper bearing on the subject appears in the 
last published volume of the French Bureau M4t^orologique, which 
has just come into my hands. The author, Mr. Alfred Angot, has 
anticipated me in applying a formula of typo (1) to the individual 
months of the year but he treats of the amplitude, not of the diurnal 
range as a whole, but of that of the coefficients of the ^eveial terms of 
the Fourier’s series into which the diurnal inequality can bo analysed. 
The paper treats only of the declination— dealing with data from 
ordinary days at Paic St.-Maur, Greenwich and Batavia— but the 
author expresses his intention of considering in the future the 
horizontal force. 

A special feature of the present investigation is that the magnetic 
data are derived exclusively from magnetic quiet days. This suggests 
at once a query and a criticism, a query as to why one did not employ 
corresponding sun-spot data confined to the magnetically quiet days, 
a criticism that as the two sets of data employed do not absolutely 
correspond, the comparison actually made may be misleading. 

As to the query ; Wolfer, it is true, publishes at regular intervals in 
the ‘Met. Zeitschrift’prfwm'oaal sun-spot frequencies for each day. 
These figures are, however, presumably inferior in certainty to the final 
figures he has embodied in his table after consulting all available 
sources of informaiion. The vital consideration, howovei, is that at 
certain seasons of the year there are a number of days for which, owing 
to the absence of observations, Wolfer has no provisional sun-spot 
data. With information lacking for two or three out of the five quiet 
days of a month there would have been a very undesirable amount of 
uncertainty. As to the criticism, it would be difficult to meet it if it 
could be held that the enhanced magnetic activity existing at the 
“eartdi’s surface at times of sun-spot maxima is due directly to electrical 
disturbances in the sun, each disturbance being limited to regions 
where sun-spots exist, and only those disturbances being effective which 
happen to be at the moment on the half of the sun visible from the 
earth. At present I shall only mention the following fact :— I had 
monthly sun-spot frequencies calculated from Wolfer’s proiuioml figures, 
^ploymg only the five “ quiet ” days selected for each month by the 
^tronomer Eoyal. The mean sun-spot frequency thence deduced for 
the eleven years (1890 to 1900) differed from the correspdnding result 
pven by all Wolfer’s days by less than one-fifth of 1 per cent. It is 
hardly necessary to point out that this fact has an important bearing, 
not only on the point immediately under consideration, but also on 
the further question as to the true nature of the connection between 
sun-spots and magnetic storms. 
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“ Characteristics of Electric Earth-current Disturbances, and their 
Origin ” By J. E. Tayloe. Communicated by Sir Oliver 
Lodge, F.Rk Eeceived December 16, 1902, — ^Eead January 
22, 1903, 

The following notes refer to effectif which appear to have a distinct 
^connection with the so-called “ ionisation ” of the upper regions of the 
atmosphere by radiations from the sun, and which have repeatedly 
attracted my attention during the course of recent experiments in 
wireless telegraphy for the British Postal Telegraphs. 

In the electronic theory of the causes producing the aurora borealis, 
it is assumed that by the deflection of the course of the flying ions or 
electrons towards the poles, due to the earth’s magnetic field, a con- 
centration results in those neighbourhoods, giving rise to the pheno- 
inenon._ 

The effects classed by telegraph engineers as earth-currents have also, 
apparently, a direct connection with the ionisation of the atmosphere. 
As is well known, these are at times, particularly when auroral displays 
are in evidence, so strongly pronounced as to interfere more or less 
with ordinary telegraphic working on earthed circuits. 

In special cases, where sensitive apparatus is used, they are, every 
day, sufficiently pronoimced to cause disturbance, for some hours at 
least, even under normal conditions. They have been found to be 
particularly troublesome in the Post-ofiice system of wireless telegraphy, 
in which a sensitive telephone receiver is connected in a low resistance 
circuit earthed in the sea at both ends. 

To enumerate in a systematic manner the various investigations 
which have been made from time to time on the subject of earth- 
currents would involve a lengthy paper ; but only the more prominent 
features which have forced themselves on my observation will here be 
briefly summarised. 

The disturbances evidence themselves by producing various charac- 
teristic noises in the telephone receiver. They have not been con- 
founded with ordinary telegraphic or other inductive disturbances, 
as they appear in circuits far removed from any such source of 
affection. In these latitudes they are always stronger and of more 
frequent occurrence in summer than in winter. They are daily in 
evidence for a few hours at or about the time of sunset, z.e., whilst 
daylight is fading. 

In general they do not evidence themselves to any great extent 
during broad daylight, but are readily precipitated by atmospheric 
electrical effects or any tendency to thunderstorms, and I'arely, if 
ever, fail to herald the approach of a storm or gale. 
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The characteristic noises produced may he divided into five classes 
resembling — 

(i) Uniform flowing or rushing of water : this is usually a day- 
time disturbance, and is occasionally of considerable vigour. 

(ii) Intermittent crackling : an accompaniment of other disturbances. 

(iii) Bubbling and boiling of water : the usual form of nightfall 
disturbance, but also frequently occurring in the daytime. 

(iv) Rocket disturbances. These are peculiar and characteristic, 
having some resemblance to the sound produced by a rocket rising 
in the air. They commence with a shrill whistle and die away in a 
note of diminishing pitch. They vary in intensity, but always have 
a similar duration of from 2 to 4 seconds ; are freely heard at night, 
and only occasionally during the day. 

(v) Disturbances due to high frequency eftects, inaudible on the 
telephone, but evidenced on the coherer, magnetic detector, or other 
form of Hertzian receiver. 

These various disturbances were, for some time, very puzzling to 
me; but on perusing Professor J. J. Thomson’s paper, read at the 
Royal Institution on 19th April, 1901, it speedily appeared highly 
probable that they were due to electrical effects produced in the 
atmosphere by the ionisation caused by solar radiations and the 
lotion on this ionisation by electric stresses in the atmosphere, 
^e rocket disturbances, though they are probably not in them- 
selves due solely to ionisation, furnished the first clue to this explana- 
tiom They are characteristic of an initial high velocity rapidly 
^mped and ultimately dissipated. They have the same duration as 
m imaHy associated with the passage of a meteor across the heavens, 
the assumption is that they are actually caused by the passage, in 
^ proximity, of meteoric bodies which set up electrical 

ffi^hargee.in the upper rarefied atmosphere, these discharges inducing 
deefeic CT^ents in the sea and collected therefrom by the circuit. 

^ Assuming this explanation, it might reasonably be asked why such 
disturbances are not equally evident during the daytime as at night. 
The answer lies in the screening effect of the ionised (and therefore 
conducting) air during the daytime and the absence of such screening 
at night. ^ 

Professor J. J. Thomson has shown, in a modification of the well- 
known cloud experiment, how the ionisation of a gas may be cleared 
up or dissipated by an electric field. Doubtless the electric fields to 
wMch thunderstorms are due produce similar effects in the atmo- 
iiature’s gigantic scale, . Hence we may expect, as is presum- 
ably the case, that the screening referred to above may sometimes be 
^pended for a time, even during broad daylight, and the rocket 
oisturbaaees evidenced among others. 

Ifow this assumption of a reaction between the electric stresses in 
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tlie atmosphere and the ionisation produced by the sun suggests the 
source of the other daytime disturbances referred to. It appears 
highly probable that they are the accompaniment of the clearing up 
process. Ej0fects analogous to, if not actually, electric currents are 
doubtless produced in the atmosphere, which are induced in the sea 
and collected by the circuit. On the other hand, the nightfall dis- 
turbances are probably due to normal clearing up processes, revealed 
when the air becomes sufficiently non-conducting to act no longer as 
a screen. These suggestions, though by no means complete, are sub- 
' mitted for what they may be worth. 

It is probable also that the diurnal variations of the earth^s magnetic 
field are influenced by the same causes. 

Or^e more point. The periods of maximum disturbances, experi- 
enced on the earthed circuits referred to, appear to coincide with 
periods of maximum atmospheric disturbances on the newer Hertzian 
system of wireless telegraphy, and indicate the same source of trouble. 
Further, I would suggest that we have here a clue to the true explana- 
tion of the greater night-time efficiency in signalling observed by 
Mr. Marconi in recent experiments. With ionised air the electric 
waves will be partly broken up and absorbed, with consequent abstrac- 
tion of energy from the transmission. At night, when the ionisation 
is cleared up, the strength of the radiated waves will be sustained. 

Some interesting investigations by the aid of sounds produced, in a 
telephone, by the passage of electrical currents through rarified gasea 
can no doubt be carried out. Professor Eighi has already made some 
observations in this connection, but much more can yet be done. 
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« Solar Eclipse of 1900, May 28.— General Discussion of Spectro- 
scopic Eesults.’' By J. Evershed, E.E.A.S. Communicated 
by the Joint Permanent Eclipse Committee. Eeceived Decem- 
ber 17, 1902, — Bead January 22, 1903. 

(Abstract.) 

In a general way the conclusions arrived at from the discussion of 
the spectra obtained in 1898 are amply confirmed and extended by the 
present results. It is now shown that every strong dark line of the solar 
spectrum exceeding Eowland’s intensity 7 is found in these spectra 
as a bright line ; and the great majority of the bright lines of the 
flash spectrum, excluding hydrogen and helium lines, coincide with 
dark lines of intensity not less than 3. 

Most of the bright arcs of the flash spectrum are well-defined 
narrow lines admitting of considerable accuracy in the measures, and 
the present determinations of wave-length indicate that the coinci- 
dence of the bright lines with the dark lines is exact within -05 t.m. 
for all the well-defined lines. 

As regards the relative intensities of the lines of any one element 
in the flash and Fraunhofer spectra, my previous results require 
modification and extension as follows: The relative intensities of 
isolated lines of an element in the flash spectrum are in general, but 
not exact, agreement with those of the same element in the solar 
spectrum, and those lines which are exceptionally strong in the flash 
Are in most cases lines which are enhanced in the spark spectrum of 
the element. 

All of the more prominent enhanced lines of iron and titanium, as 
determined by Sir Norman Lockyer, are found to coincide with strong 
lines in the flash, but owing to the compound nature of some of the 
lines, it is not certain that all of these have abnormal intensities in 
the flash. 

There is no evidence of dijSerences in the relative intensities of the 
lines of an element in the higher or lower regions of the flash layer, 
and the enhanced lines appear to predominate throughout the entire 
depth of the radiating stratum. The enhanced lines are equally 
prominent in the polar regions and in low latitudes, and the flash 
spectrum generally is now found to be the same in all latitudes and 
shows no essential change after an interval of five years. 

An explanation of the abnormal incensities of the enhanced lines in 
the flash spectrum is now offered, which depends on the assumption 
of a continuous circulation of the solar gases in a radial direction ; 
the highly heated ascending gases giving the predominant features to 
the flash spectrum, whilst the cooler more diffused gases, slowly 
subsiding, determine the character of the absorption spectrum. 
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The entire chromosphere is supposed to consist of innumerable 
small eruptions or jets of highly-heated gases similar to the so-called 
metallic ” prominences, which are only the more pronounced mani- 
festations of the same eruptive agencies. 

Evidence for this is found in the characteristic features of the 
chromosphere, and in the detailed structure of many of the Fraun- 
hofer lines, which show wide emission lines underlying the narrow 
absorption lines. These ill-defined bright lines in the normal solar 
spectrum are distinctly displaced towards the violet, indicating a strong 
uprush of the hotter gases, whilst the narrow absorption lines are 
almost in their normal positions, and appear to indicate a slow and 
uniform descent of the absorbing gases. 

The final conclusion is that the flash spectrum represents the 
emission of both ascending and descending gases, whilst the Fraunhofer 
spectrum represents the absorption of the descending gases only. 


On the Electrodynamicf and Thermal Kelations of Energy of 
Magnetisation.” By J. Lahmor, M.A., D.Sc., Sec. E.S. Ke- 
ceived January 2, — Bead January 22, 1903. 

1. There appears to be still some uncertainty as to the principles on 
which the energy of magnetised iron is to be estimated, and the 
extent to which that energy is electrodynamically efiective. The 
following considerations are submitted as a contribution towards 
definite theoretical views. 

The electrokinetic energy of a system of electric currents 
flowing in complete linear circuits in free aether, is known to be 


wherein is the number of tubes of the magnetic force (a, y) 'that 
thread the circuit ii, and is thus equal to \{la + m^-^ny)d8 ex- 
tended over any barrier surface S which blocks that circuit, (a, y) 
being circuital («.<?., a stream vector) so that all such barriers give the 
same result. As under steady circumstances (a, /3, y) is also derivable 
from a magnetic potential V, which has a cyclic constant 47r4 with 
regard to each current, this energy assumes the form 



iV / av av\^„ 


in which the integrals are now extended over both faces of each 
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barrier surface. This is equal by Green’s theorem to the volume- 
integral 

J- I («3 + |g2 + y2) Jt 

8ir J 

extended throughout all space. This latter integral is in fact taken 
in most forms of Maxwell’s theory to represent the actiial distribution, 
in all circumstances whether steady or not,* of the electrokinetic 
energy among the elements of volume of the aether, in which it is sup- 
posed to reside as kinetic energy. 

2. The most definite and consistent way to treat magnetism and 
it® energy is to consider it as consisting in molecular electric currents ; 
so that in magnetic media we have the ordinary finite currents, 
combined with molecular currents so numerous and irregularly 
orientated that we can only’ average them up into so much polarisation 
per imit volume of the space they occupy. So far in fact as the 
latter currents are concerned,, the only energy that need or can 
occupy our attention is that connected with some regularity in their 
orientation, with magnetisation, the remaining irregular part 
being classed with heat. If there were no such molecular currents, 
the magnetic force {a, lS,y) in the ‘aether would in steady fields be 
derived from a potential cyclic only with regard to the definite number 
of circuits of the ordinary currents. But when magnetism is present this 
potential is cyclic also with respect to the indefinitely great number of 
mdeeidar circuits. The line integral of magnetic force round any 
^feeuit is where refers to the practically continuous dis- 

.Mbution of magnetic molecular currents that the circuit threads. 
Tte latter vanishes when these currents are not orientated with some 
i&d of regularity. If we extend the integral from a single line to an 
average across a filament or tube ^ of uniform cross-section SS, with 
ffiat line for axis, by multiplication by 8S, we obtain readily the 
formula 

-f- (Sdy + yds) = 8S47r2t + 47r j*(A& -F Bdy + Cds)BS 

m irMch (A, B, C)Bt represents the magnetisation in volume Br, 
Thus, after transposition of the last term, and removal of the factor 
® after the average has now been taken, we obtain 

|{{a-4irA)da;-h(/J-47rB)dy+(7-47rO)(^;2f} = 47rSt 

In other words this new vector (a - 47rA, p - 47rB, y - 47rO), is detived 
from a potevdial which is cyclic in the usual manner with regard to 
the ordinary currents alone, 

* In the preTious electric specification, the fictitious electric currents of aethereal 
displacement must be introduced when tbe state is not steady. 
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If we compare this result with the customary magnetic vectors of 
Kelvin and Maxwell, it appears that (a, y) must represent the 
“induction,” and so will hereafter be denoted, after Maxwell, by 
(a, I, c). The new vector, which has a potential cyclic with respect 
to the finite currents only, represents the “ force,” and will hereafter be 
denoted by (a, ^S, y), whose significance is thus changed from henceforth. 
The “ induction ” on the other hand has not necessarily a potential, 
but is, by the constitution of the free aether, always circuital ; that 
is, it satisfies the condition of streaming flow 

^ ^ — 0 

The expression for the energy now includes terms 
i (iiNi 4 - L.2N2 + . . .) 


for the ordinary currents where Ni, No, . . . are the fluxes, of 

magnetic induction, through their circuits ; this transforms as usual into 





over both faces of each barrier, which by Green’s theorem is equal to 


Stt 


I (aoL + JjS 4- €y)dr 


(i) 


extended throughout all space. But there are also terms 

. . .) 


for the molecular currents; now taking N' to be the cross-section 
of the circuit multiplied by the component of the averaged induction 
normal to its plane, and remembering that d multiplied by this cross- 
section is the magnetic moment of this molecular current, it appears 
that a'N' is equal to the magnetic induction multiplied by the com- 
ponent of the magnetic moment in its direction, and therefore 
is equal to 

j(A(t+B& + Cc)^/T. 

Thus the magnetic circuits add to the energy the amount'^ 


together with 


-jJ(Aa + B/? + Cy)rfT (ii) 

27rf(A2 + B3+C2)«?T (iii) 


^ [These energies as here determined are kinetic ; if they are (as is customary) to 
be considered as potential, their signs must be changed. Cf. ‘Phil. Trans.,’ A, 
1894, p. 806.1 

VOL. LXXI. S 
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‘ HiB formula (i) is usually taken, after Maxwell’s example, to 
represent the energy of the electrokinetic field. It here appears that 
it represents only the part of the energy that is concerned with the 
currents, arising from their mutual interactions and the interactions of 
the magnets with them : that there exists in addition a (^[uantity (ii) 
which is that taken by Maxwell as the energy of magnetisation in 
the field (a, /i, y), and also a quantity ^iii), which is purely local and 
constitutive, of the same general type as energy of crystallisation. 
The question arises whether (iii) is a part of the intrinsic energy of 
magnetisation of difierent kind from (ii), in that it cannot even 
partially emerge as mechanical work, or on the contrary the usual 
formula (ii) must he amended. See §§ 5, 8. In any case the 
dynamics of the field of currents (when there are no irreversible 
features) involves only that part of the energy function in which the 
currents operate, thus excluding both (ii) and (iii). 

3. The simplest example is that of a coil of n turns carrying a 

current t, wound uniformly on a narrow iron ring-core, of cross- 
section S and length Z. On the present basis the energy is made up 
of an electrodynamic part and a magnetic part ^|^SZ ; as 

4:zrm = pZ by the Amperean circuital law, these parts are 

when V is the volume of the core ; they make up in all per unit 
volume instead of the usual gp/8ir. The former part is mechanically 
available. The question has been raised by Lord Rayleigh* whether 
the latter part, which includes the very large term (iii) above, namely 
2^1%, in the case of iron, has any considerable mechanical effective- 
ness ; the question can only arise when it belongs in part to ^permanent 
niagmtim whose ultimate annulment can induce a current, — when the 
current vanishes the energy of permanent magnetism, in the present 
case represented by (iii) alone, is the only part of the energy of the 
system that remains. The conclusion reached by him is that it 
cannot be annulled quick enough, when* the ring carries a coil, to 
develops any considerable available electric energy by induction. 

4. We may form a rough illustration of the mechanical rOle of this 
purely magnetic energy by considering, as the analogy of the currents, 
a branching system or network of pipes carrying liquids, in one of 
which a turbine is located, to be driven by the stream, which will be 
supposed to be an alternating one. The flow will be directed more 
fully into this particular pipe, and higher pressure will also be 
attained, after the manner of the hydraulic ram, if it communicates at 
the side with an expansible reservoir into which the liquid can readily 

^ * Phil, Mag.,’ 1885 : also * Archives n^erlandaises, vol. 2, 1891, p. 6, reprinted 
in * Phil. Mag./ 1902, and in ^ Scientific Papers,’ toI. 4, No. 2^2, 
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force its way, to be expelled again by the elasticity of its walls when 
the stream begins to set in the reverse direction. This increase of 
Idnetic pressure on the turbine roughly represents the electromotive 
pressure on a motor due to the increased magnetic flux, and the 
energy spent in expanding the reservoir as it fills up represents the 
energy of magnetisation of the iron. If things were perfectly reversi- 
ble in the reservoir, that is if the iron were perfectly soft, the latter 
energy would rise and fall concomitantly with the alternations of 
pressure on the motor, but of course if its temperature remained con- 
stant it would contribute nothing to the energy driving the motor, 
which must be introduced into the system from an extraneous source. 
But if there are frictional resistances involved in filling the reservoir, 
the operations will not be perfectly reversible, and mechanical energy 
will be* lost in it by conversion into heat ; and moreover on account 
of the phase of its changes getting out of step — still more by perma- 
nent delays such as are classed under hysteresis — ^it will operate less 
efficiently in directing the stream of energy towards the turbine. 
Both these statements have analogical application to the iron in a 
magnetic circuit. 

An example is provided by the ring-coil aforesaid. Suppose that 
when the current has ceased in the coil the core retains permanent 
magnetism, its energy being the latter term in the formula above. 
This corresponds to the reservoir becoming temporarily choked, so 
that it retains its contents after the pressiue that drove the liquid 
into it has been removed. The question arises whether this retained 
energy is available for mechanical work. The present aspect of the 
matter appears to lead to the conclusion (Lord Rayleigh’s) that it will 
not be available to any considerable extent unless its pressure in the 
reservoir is considerable, that is, in the magnetic case, unless the iron 
is not very receptive of magnetisation. 

The paradox that energy of residual magnetism, which is outside the 
electrokinetic system, can on running down affect that system, shows 
that the circumstances are more general than an analogy of a pure 
dynamical system of finite number of degrees of freedom can illustrate. 
In fact the equations of dynamics imply permanent structure of the 
system,* whereas in Professor Ewing’s illustrative model of para- 
magnetisation, when the displacement is great enough the structure 
changes by the component magnets toppling over,* and after the 
general disturbance thus set up has subsided with irrecoverable loss of 
energy into heat, there remains a new structure to deal with. The 
only way to estimate the available part that may be latent in the great 
store of energy of residual magnetism of an iron core is thus by the 
empirical process of detailed experiment. Lord Rayleigh has infeixed 

* The effective susceptibility dXjdH. becoiuiug enormous in the steep part of the 
characteristic curre. 
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from the form of the curve of hysteresis for retentive iron in 
high fields that the fraction that is directly available at the actual 
temperature must always be small, and he supports the inference by 
considerations of the nature of the above analogy ; in the absence of 
hysteresis there would be no such direct availability. He derives the 
practical result that a complete magnetic circuit is deleterious for 
induction coils in which length of spark is the deddenikmi^ the increased 
total induction attained inside the ring-core being more then neutra- 
lised by the diminished promptness of magnetic reversal. 

In fact, if the core, laminated so as to have merely negligible con- 
ductivity, is surrounded by a perfectly conducting coil or sheath, and 
its permanent magnetism is removed at constant rate - dijdt by an 
ideal process applied to it, the intensity of induction in the core 
will diminish at the rate and this defect of induction 

must be made good by the influence of the current thereby induced in 
the sheath, as otherwise there would be a finite electromotive power in 
it, which is impossible on account of its perfect conductivity. This 
restored induction is;of the form H' -f 47rl', where T is the magnetism 
induced by the force H' due to the induced current ; thus 

^(H- + 4,r) + 4,§ - 0, 

and the actual total rate of fall of magnetisation is diminished to 

^ which is only the fraction W of the constrained loss 

at dt at * dt 

of retained magnetism dl/dt In this most favourable case the action of 
the coil or sheath thus delays the time-rate of loss of permanent 
magnetism in the core in the ratio (47r/c')~b where k is the effective 
permeability for small additional force under the actual circumstances ; 
that is, the delay in reversal more than compensates the gain in in- 
duction. 

5. There remains another question, when viscous and other hyste- 
retic effects are practically absent so that the changes of magnetisation 
exactly keep step with those of the cuiTents, and the degree of 
availability of rmdiicd magnetic energy thus does not arise; — whether 
the energy of the magnetisation comes from the store of heat of the 
material and is thus concomitant with a cooling effect when no heat is 
supplied, or whether it is in part intrinsic inalienable energy of the 
individual molecules merely temporarily classed as magnetic. So far as 
it may be the latter, it must for each element of volume depend on the 
state of that element alone, like the part (iii) of § 2. It has already 
been seen that no part of (ii) or (iii) can be supplied from the electro- 
dynamic field. This points to the intrinsic energy of paramagnetism, 
except an unknown fraction of the local part (iii), which depends 
only on the state of polarisation of the element of the medium, being 
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derived from purely thermal sources; and the following thermo- 
dynamic argument* will strengthen this conclusion. 

If the value of the magnetic susceptibility k for any material is a 
function of the temperature, we can perform a Carnot rever^ble 
cycle by moving a small portion (say a sphere) of the substance in the 
permanent field of a system of magnets supposed held rigidly 
magnetised by constraints. We can move it into a stronger region H .2 of 
this field, of varying strength H, maintaining it at the temperature 6 
by a supply of heat from outside bodies at that temperature ; we can 
then move it on further, having stopped the supply of heat, until its 
temperature becomes ^ ; we can move it back again isothermally 

by aid of a sink of heat at this temperature until, the stage Hi is reached, 
when further progress back adiabatically will restore it to its 
original condition. If k is a function only of the strength of field and 
of the temperature, this cycle will be reversible. If E is the heat- 
energy supplied at temperature^, and W is the work done on the 
sphere by external bodies in the cycle, the principle of Carnot gives the 
relation 

E ^ W 

e w ’ 

Now . W= - 


= _ -I if /c is small,f 

when the cycle is taken such that the change of H along the adiabatic 

* This theoretical deduction of Curio’s law has been already given substantially 
in ‘ Phil. Trans.,’ A, vol. 190, 1897, p. 287. 

The theory of diamagnetism, which assigns it to modification of conformation 
in the individual molecule by the inducing field rather than to average spacial 
orientation of the crowd of molecules, leads to a non-thermal origin as regards 
that pait. The analogous q[uestion {Joe. cit.) as to whetlier dielectric polarisation 
is mainly an affair of orientation of unaltered molecules like paramagnetism, or one 
of polarity due to internal deformation of the molecule like diamagnetism, is now 
answered by the experiments of J. Curie and Compan (‘ Coinptes Eendus,’ J une 2, 
1902). It appears that the dielectric coefficient of glass, for rapid changes, 
diminishes, but not very quickly, with fall of temperature, and that at temperatures 
below —70° 0. duration of charge ceases to have influence on its value. The 
electric excitation is thus analogous to diamagnetism and has no thermal bearing, 
its energy being self-contained in the molecule ; the signs of the susceptibilities in 
the two eases are different, because the one is of static, the other of kinetic 
character. The sharpness of the Zeeman magneto-optic effect has already led 
{' Aether and Matter,’ 1900, p. 361) in this direction, for it requires that the 
electric polarisation in the molecule shall be of isotropic type, so that there may 
be no axis of maximum susceptibility. 

f This restriction is not necessary for the final result ; if je is not small, W and 
E have both to be multiplied by the same factor. 
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part of the path is negligible compound with that along the isothermal 
pai't. Thus 

E= 

Now the experiments of Curie on the relation of k to ^ in weakly 
jMTaTnagneiic materials make k vary inversely as ^ ; and this result has 
more recently been verified down to very low temperatures by Dewar 
and Fleming. This gives 

Thus the movement of the magnetisable material at uniform tempera- 
ture is accompanied by a supply to it of heat, equal to the mechanical 
work done by it owing to the attraction of the field j and this heat 
is just what is wanted to be transformed into the additional energy of 
intrinsic magnetisation (ii) of § 2. It is to be observed that in the 
actual experiments k was small, and the other part (iii) of this energy 
therefore negligible : so that no conclusion as to the extent to which 
its source is thermal can be derived from Gurievs law. 

6. The uncertainties of § 4 do not of course affect the estimation 
of the loss of motive power arising from cyclic magnetic hysteresis, 
for we have here to do with the mutual energy of the applied field 
and the magnet, not the intrinsic local energy of the latter by itself. 
If the applied field is (a, /?, y), the total energy employed in polarising 
the magnetic molecules in volume Br is 

{Aa + Bp + Gy)^. 

So long as the polarisation is slowly effected against the resilience 
of reversible internal elastic forces this is stored as potential energy ^ 
but any want of reversibility involves degradation of some of it into 
heat, while if the field were instantaneously annihilated the molecules 
would swing back and vibrate, so that ultimately all would go into heat. 

Let us pass the magnetic body through a cycle by moving it around 
a path in a permanent magnetic field (a, y). An infinitesimal 

displacement of the volume Sr from a place where the field is (a, /i, y) 
to one where it is (a + {3 + 8/J, y + 8y) does mechanical work, arising 
from the magnetic attraction, of amount 

(A8a4-Ba/3-f-C8y)8T. 

The integral of this throughout the whole connected system gives 
the virtual work for that displacement, from which the forces assisting 
it are derived as usual. Confining attention to the element 8t the 
work supplied by it from the field, to outside systems which it drives, 
in traversing any path is thus 

^[{Ada+Bdl3 + CdrY), 
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the integral being taken along the path. If (A, B, 0) is a function 
of (cc, )S, y), that is if the magnetism is in part thoroughly per- 
manent, and in part induced without hysteresis, so that the operation 
is reversible, this work must vanish for a complete cycle ; otherwise 
energy would inevitably be created either in the direct path or else in 
the reversed one of the complete system of which Sr is a part. Thus 
the negation of perpetual motion in that ease demands that 

where ^ is a function of (a, y), involving only even powers, and 

practically Quadratic for small fields. Its coefficients are then the six 
magnetic constants for general aeolotropic material, no rotational 
quality in the magnetisation being thus allowable by the doctrine of 
energy. Bht if there is hysteresis, so that the cycle is not rever- 
sible, 

-STj(A(fa + Rfjy + CfZy), 

or in vector product form - Sr J | represents negative mechanical 

work done, or energy degraded, in the cycle. 

In addition to this energy concerned with attraction, the external 
field expends energy in polarising or orientating the individual 
molecules against the internal forces of the medium, of aggregate 
amount 

3r j {odK + pdB + ydG). 

In any case, whatever the hysteresis, the sum of this second part 
and the first reversed is integrable independently of the path, giving 

SrlAa + Bi^ + Oyl, 

namely, the change in the total energy in the element, thus vanishing 
for a cycle which restores things to their original state, as it ought 
to do The latter part is purely internal, and of merely thermal 
value as in § 5. The former part represents the averaged waste of 
direct mechanical energy in moving the iron armature through the 
cycle, and accounts for the heat thus evolved. It is the expression of 
Warburg and of Ewing for magneto-hysteretic waste of mechanical 
energy in driving electric engines ; for a portion of a cycle it repre- 
sents work partly degraded and partly stored magnetically. 

7. Reverting to § 5, we may profitably illustrate by working out into 
detail a suggestion of Lord Rayleigh {he, ciL), Consider a ring-coil of 
n turns with a flexible open core of soft iron of length I and cross- 
section S, whose flati ends are bent round until they face each other at 
a distance small compared with the diameter of section. We can 
apply Hopkinson's theory of the open magnetic circuit to trace the 
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transformation of the energy of attraction between these poles of the 
core, into electrokinetic energy of the coil, as the poles close up 
together. As frictional waste is not essential to this question, we can 
^consider the coil to be a perfect conductor which will store all the 
energy, without loss. We need not postulate that the iron is of- 
constant permeability or devoid of hysteresis. When the distance 
between the pole-faces is let the current in the coil be t. The total 
energy is 

H- energy of magnetisation ; 


and part of the latter may remain sub-permanent when t vanishes. 
The principle of the magnetic circuit gives^ as ,^S = N, the formula 


N 


assuming as usual that the lines of magnetic force are conveyed straight 
across the air-gap between the pole-faces. Thus the electromagnetic 
energy T, equal to is 

271 * y 

IB-f Z/jU. 


and when a is diminished by - Sx, its increment is approrimately 


-27r^Sz+4^^Sc 

Q/f^r iIf 


.(i) 


In this displacement the work expended from the olectrodynamic 
system in mechanical attraction between the poles magnetised to 
intensity I, equal to is - IS27rIS,r, which is 




(ii) 


Coinparing (ii) with (i) it appears that in cases for which fi is great, 
to which alone the principle of the magnetic circuit can bo applied! 
the work of mechanical attraction by which the pole-faces can tTansfe^' 
potential energy to a spring placed between them, by compressing it is 
concomitant with equal increase of the electrokinetic energy if the 
current do not change. As there is no source of energy, the current' 
must therefore vary, and so that the total change of electrokinetic 
energy given by (i) and (ii) vanishes ; that is, it must diminish by St, 

givenby St=J^(l+(l - _)2|Sa;, which is practically equivalent to 

I 


This result may be immediately verified by the Lagrangian process. 

As there is infinitely small resistance, the electric pressure A in 

dt 
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the coil must he infinitely small; hence Locx-hljg^i so that 


__ /A 

^“"7 


when X is negligible. 

The energy of magnetisation of the core, which is where 

ZS, is not included in this con- 


| = and therefore is 


servation. Its increase for a change 8x is ~ SSa:, which is 

\ljiMj 


large compared with the quantities above. The fraction /x”l of it, 
which is comparable with the other variations, is compensated thermally, 
by absorption of the heat of the system, and has, therefore, only the 
limited availability of thermal energy. The remainder belongs 
intrinsicp.Uy to the magnetisation, constituting mutual energy of con- 
tiguous molecules ; how much of it, as above expressed, is of thermal 
origin remains undetermined in the absence of calorimetric experiment, 

8. The main points that it has been sought to bring out are as 
follows : — 

(i) In an electrodynamie field there exists the usual specification of 
electroMnetic energy, but also m addition the energy of magnetisation 
of magnetic material. 

(ii) This energy of magnetisation appears as made up of a part given 
by the ordinary formula, which (when paramagnetic) is derived from 
thermal sources, and so in the absence of hysteresis has the limited 
mechanical availability of thermal energy ; together with a local part 
which is to some extent thus available, but is also in part permanent 
intrinsic energy of the molecules, regarded temporarily as magnetic 
energy, 

(iii) The law of Curie, that the susceptibility of weak paramagnetic 
substances is inversely proportional to the absolute temperature, is 
involved in these statements. 

(iv) The extent of the direct (non-thermal) availability of retained 
magnetism can be inferred only by empirical procedure, for example, 
in general features by inspection of the hysteresis diagram, as pointed 
out by Lord Eayleigh, 
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“ The Spectrum of 7 Gjgn.iT By Sm NoiiMAN Lockyek, 

F.B.S., and B. E. Baxandall, A.E.0.Sc. Eeceived Decem- 
ber 11, — Eead December 11, 1902. 

(Abstract.) 

The paper gives an account of the investigation of the Spectrum 
of y Cygni in relation to other celestial and terrestrial spectra. 
It is pointed out that this spectrum — which is of the Polarian 
type in the Kensington classification — ^is the connecting link between 
the spectrum of the Aldebarian stars, in which the are lines of the 
metallic elements predominate, and that of a Cygni, chiefly com- 
posed of the enhanced lines of some of the metals. These two sets 
of lines are of about equal prominence in the y Cygni spectrum. 

It is also shown that, in regard to the relative intensities of the 
metallic and proto-metallic lines, there is a close resemblance between 
the spectrum of y Cygni and that of the chromosphere, thus indicating 
that the temperature and electrical conditions prevailing in the two 
light sources are nearly identical. A comparison, however, of the 
intensiti^ of the stronger arc and enhanced lines in the two spectra 
tends to show that the chromosphere is, if anything, of a slightly 
higher temperature. 

It is claimed that the majority of the lines of y Cygni — and therefore, 
aIso> of the chromosphere — are due to metallic vapours, and that 
there is little evidence to support Professor Dewar’s suggestion 
that most of the *339 chromospheric lines, recorded by Humphreys in 
Ms eclipse results, can be accounted for as probably being due to the 
rarer atmospheric gases. 

The relation of the y Cygni spectrum to that of a Cygni is also 
discussed in detail. 

At the end of the paper a table is given showing the wave-lengths, 
“intensities, and probable origins of the lines which occur in the 
photographic spectrum of 7 Cygni, taken with a 6 '' Henry prism of 
45” angle. The lines are compared with those of the chromosphere, 
B Canis Majoris (Pickering’s record), and a Cygni. 
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" Some Dielectric Properties of Solid Glycerine.” By Ernest 
Wilson, Professor of Electrical Engineering, King*s College, 
London. Communicated by Sir William Preece, K.C.B., 
F-RS. Received January 7, — ^Eead January 22, 1903. 

At bigh frequency, obtained by resonance, Thwing gives 56*2 for 
rhe specific inductive capacity of glycerine at 15° C.* Tbe specific 
inductive capacity of pure liquid glycerine at 8° C. was found to be 
about 60, whether the frequency of experiment was of the order 
2 million or lOO.f At a frequency of 120 the specific capacity of 
glycerine varies from about 60 to 4*6, as the temperature is varied 
from - 50° to - 100° in platinum degrees. J The present paper deals 
with the specific capacity of glycerine at temperatures varying from 
about + 10° to - 80° C. The methods of experiment and the apparatus 
are those described in connection with the earlier experiments.! The 
platinum plates forming the electrodes of a condenser were placed in 
pure glycerine, supplied by Messrs, Hopkins and Williams, and after a 
preliminary experiment, made to find its conductivity, (see table), the 
glycerine was frozen by aid of carbonic acid snow. The temperature 
of the glycerine was observed by aid of a platinum thermometer. 
At - 48° C. the specific capacity at about 2 million periods per second is 
3*97. At - 44° C. the specific capacity at about 100 periods per second 
is 54, which is of the same order of magnitude as that given by Fleming 
and Dewar. The conductivity of this condenser at - 59° C., and with 
times of contact var 3 nng from 0*00002 to 0*009 second, was found and 
is shown by the curve No. 1 in the accompanying figure. If K be the 
instantaneous capacity and C the electric resistance, then the total 
■capacity of the condenser at time t is 

Now the capacity of this condenser at -48° C. at about 2 million 
periods per second is 0*00032 micro-farad, and the value of 

j as given by the curve, will only account for 

J 0*00002 C Coo 

0*00018 micro-farad. Assuming that it will be the residual charge 
which comes out in one-sixth of the period which produces the effect 
•on the capacity, a large proportion of the residual charge comes out 
between the times x 10"**^ and 20 x lO"*^ second. If the refractive 
index of the glycerine when frozen is taken to be 1*47 for short times, 
then MaxwelFs law would indicate a specific capacity of 2*17 ; ^and 

' * Zeitschrif fc f iir Physikalisclie Chemie,’ vol. 14, p. 293. 

t HopMnsonand "Wilson, ‘Phil. Trans.,’ A, vol. 189 (1897), pp. lOd — 136. 

X I'leming and Dewar, ‘ Proe. Boy. See.,’ vol. 61, p. 316. 

VOL. LXXI. T 
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3-97 was observed at 2 million periods per second. It is possible,, 
therefore, that some residual charge has already come out at 2 million 
periods per second. 

When the glycerine was warmed up to atmospheric temperature 10° C., 
it still remained solul, and its dielectric properties were examined at 
this temperature. The resistance of the condenser was 216000 ohms, 
whether the time of contact was 0*00002 or 0*011 second, and this is 
about 3 J times the resistance at 10° C. when the glycerine was in the 
state. No residual charge comes out between the above times. 
At 2 million periods per second the specific capacity of this solid 
glycerine at 10° C. is 6*67. By the method described previously^ 
the specific capacity is 16 at 50 periods per second. The specific 
capacity in the liquid and solid states at 10° C. varies approximately 
as the conductivity for long times. The residual charge comes out at 
times less than 0*00002 second, whether the glycerine be liquid or solid 
at 10° G. 

Einally, the condenser 
was frozen in carbonic acid 
snow in ether, and the con- 
ductivity at - 81° 0, is shown 
by the curve No. 2 in the 
figure. The final conduc- 
tivity is less, and the area is. 
less than given by the curve 
No. 1. This difference is due 
to the lower temperature for 
curve No. 2. Fleming and 
Dewar have shown that the 
specific capacity of glycerine 
for long times changes very 
rapidly with its temperature 
between - 50° and - 100° Pt.. 
The specific capacity at. 
— 81° C. was found to be 
3*8 at 2 million periods per 
second. 

During the freezing pro- 
cesses above referred to the 
conductivity of the glycerine 
was observed at different 
temperatiu^es. The results 
are given in the accompany- 
ing table. It is noteworthy 
that for time 0*00002 second 

* Hopkinsoa and Wilson, Trans.,’ A, vol. 1S9 (1897), p, 118. 
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the conductivity falls and then rises, as the temperature is varied from 
4- 13° to *- 59° 0. when freezing from the liquid to the solid state. An 
analogous effect has been observed in soda-lime glass.* 

When the time of contact is 0*006 second, all the points in the table 
lie well on the same curve between -26° and -81° C. It is when 
freezing from the liquid to the solid states that such serious changes 
occur at the short times. 


Conductivity in 10~® ohms'”^ 

Time of 

contact in j 


application 


of force. 

+ 13‘’C. 

-26° a 

-59° C. 

+ 12°C. 

-48° 0. 

-75° 0. 

-81° 0. 

0-00002 

15 

1-72 

8*03 

4-63 

0*388 

0-191 

0-197 

0*00017 



« • 




0*0301 

0-00035 

, , 


0-172 



• « 

0*0201 

0*00099 

, , 

• • 

0*0708 


• • 


0*0120 

0*0028 

, , 


0*0481 




0*0109 

0-0060 

, , 


0*0319 


0*134 

0-012 

0*00926 

0*0090 

15 

0*67 

0*0287 





0*011 


• • 

0*0249 1 

4-63 




0*018 

•* 

•• 

0*0160 








Curve 


i 


Curve 




No,l 




No. 2 


Hopkinson and Wilson, ‘ Phil. Trans.,’ A, vol. Ift9 (1897), pp. 109 — 136. 
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“ The Eolation between Solar Prominences and Terrestrial Mag- 
netism.” By Sir Noemau Lockyer, KC.B., r.E.S., and 
William J. S. Lockyer, M.A., Ph.D., F.E.A.S. Eeceived 
January 14, — Bead January 29, 1903. 

[Plates 4 and 5.] 

It lias been stated in a previous communication* that a preliminary 
reduction of the Eoman observations of prominences, observed on the 
sun’s limb by Tacchini, indicated that, in addition to main epochs of 
maxima and minima of prominences coinciding in time with those of 
the maxima and minima of the total- spotted area, there are also 
prominent subsidiary maxima and minima. 

One of us has pointed out in a recent communication to the 
Academic des Sciences! that a comparison of the frequency of 
prominences visible in each solar latitude with the frequency of the 
most intense magnetic storms, indicated -that (a) magnetic storms 
classed as “ great ” by Ellis, and the greatest prominence activity near 
the poles of the sun occurred at the same time ; and (i) that the curve 
of general magnetic activity was nearly the same as that of the 
prominences observed near the solar equator. 

The object of the present communication is to give a more detailed 
account of the research so far as it has gone. 


T/ie Ohservations of Prominences* 

The fine series of observations, made by Tacchini, of the numbers 
and latitudes of prominences seen on the sun’s limb was used as a 
basis for the curves discussed. These observations were commenced 
in 1872, and have been continued up to the present day, so that we 
have a valuable continuous record. They have been published! from 
time to time in full detail, thus rendering it possible to deal with them 
in any manner that may be desired. In the reduction of the observa- 
tions each zone of 10° was examined and discussed by itself. The 
observations were divided in the first instance into groups of three 
months, and the percentage frequency of the prominences was deter- 
mined by dividing the number observed by the number of days on 
which observations were made in this period. 

In this way a set of eighteen curves, nine for each hemisphere, was 
made, showing the variation from year to year of the percentage 
frequency of prominence activity in each ten-degree zone. 

* * Boy. Soc. Proo./ vol. 70, p, 502. 

+ ' Comptes Bendus,’ vob 135, No. 8, 25tli August, 1902. 

J * Society degli Spottroscopisti Italian!,’ toI. 1, 1872 j toI. 29, 1900. 
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In tlie curves accompanying the present communication (Plate 4) 
the above-mentioned set, except those for 80® — 90® north and south, 
have been grouped in pairs, thus representing the percentage frequency 
of prominences in each hemisphere for zones of 20® of latitude, 
0° — 20®, 20® — 40®, &c., since it was found that this reduction could be 
made without losing any of the characteristic variations. 

An examination of these curves shows that they differ very con- 
siderably one from the other as we proceed from the equatorial to 
the polar zones. Generally speaking the curves representing the 
variations for each of the zones, 0® — 20® north and south, conform 
with the sun-spot curve; that is, the maxima and minima occur at 
about the epochs of sun-spot maxima and minima. Those for the two 
zones, 20® — 40°, in both hemispheres conform also in the main to the 
general sun-spot curve, but in addition they display subsidiary 
maxima or changes of curvature superimposed on the main curve. 

The curves for the two zones, 40® — 60® north and south, have, on 
the other hand, hardly any likeness to the sun-spot curve, but are 
made up of a series of prominent maxima representing special out- 
bursts of prominence activity. 

Passing to the curves corresponding to the next zones, 60® — 80® 

north and south, these indicate two prominent outbursts lasting for a 
short period, showing that this region of the sun is, as a rule, practi- 
cally free from prominence activity ; in the remaining zones, 80® — 90® 
north and south, the variation is small, and is a faint echo of the 
condition of affairs in the neighbouring zone 60® — 80®. 

The Magnetic Curves. 

The data regarding the magnetic phenomena employed in this com- 
parison are those brought together by Mr. William Ellis, in two 
published papers on magnetic phenomena.* 

We may take the opportunity here of thanking Mr. Ellis for kindly 
communicating to us a continuation of the data published in these two 
papers, which information he has brought down to the year 1899. 

Two classes of magnetic phenomena were there dealt with, namely, 
the variations from year to year of the diurnal range of the declina- 
tion and horizontal force, and magnetic disturbances. 

As regards the former, Mr. Ellis has shownt that the curves indi- 
cating these variations are very similar to that of the general sun-spot 
curve; in fact, the. curves were foimd to be almost identical in all 
their smaller irregularities. 

‘ PMl. Trans.,’ Part II, 1880, On the Eelation between the Binrnal Eange of 
Magnetic Declination and Horizontal Force, as obseryed at the Eoyal Obseryatory, 
Oreenwicb, during the years 1841 to 1877, and the Period of Solar Spot Fre- 
quency”; ‘Monthly Notices, E.A,S.,’ December, 1899, yol. 60, No. 2, “On the 
Eelation between Magnetic Disturbance and the Period of Solar Spot Frequency.” 

t ‘ Phil. Trans,/ Part II, 1880. 
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The second class of phenomena, namely, the magnetic disturbances, 
which are more irregular in occurrence, has been classified by Mr. 
Ellis into five groups, and tabulated by him under five separate sub- 
heads. For the present paper, reference will only be made to one of 
these classes, namely, that described as “ great,” this group represent- 
ing the largest disturbances. The curve representing the variation in 
number of these disturbances indicates short intermittent crests, out- 
bursts, in fact, with rapid rises to maxima and falls to minima, and 
comparatively long intervals of quiescence. 


Companson of the Curves representing Prominence Frequency and Variation 
of Diurncd Magnetic Piange. 

Mr. Ellis, as already has been pointed out, has indicated the close 
resemblance between the sun-spot curve and that representing the 
variation of the magnetic elements ; and it has been shown in the 
earlier part of this paper, that the curves representing the percentage 
frequency of prominences near the solar equator, conform in the main 
to the general sun-spot curve. 

There is therefore an apparent connection between phenomena oc- 
curring in the equatorial regions of the sun (as represented by zones of 
prominences near the equator, and sun-spots which are practically 
restricted to these zones), and the ordinary diurnal magnetic varia- 
tion. 

The accompanying set of curves (Plate 5) illustrates the great 
similarity between those showing the frequency of prominences in a 
zone about the equator (0“ — 20® north and south) and the variations 
of the mean daily range of magnetic declination ; for the sake of com- 
parison, three other curves are added, showing the variation of the 
mean daily area of sun-spots for the whole, and the two hemispheres of 
tibe sim separately,* 

* In refemng to the cnrye representing the variation of the mean, daily areas of 
sun-spots, it may he noted that this is obtained by combining the mean daily areas 
of both hesnispheres of the sun. A closer analysis shows, however, that this 
variation is not the same for both hemispheres. From the year 1862, when such a 
division of the sun’s disc can be easily investigated, the northern hemisphere, 
about the time of the two last maxima, displayed double maxima occurring in 
the years 1881 and 1884, and in the years 1892 and 1895. About the time of 
the maximum of 1870 this duplicity is not so marked, although when compared 
with the curve for the southern hemisphere for this period, there is a slight indi- 
cation of a subsidiary crest in 1872. In the case of the curve representing the 
mean spotted area for the southern hemisphere alone, at all the three epochs of 
maximum, the curves are single-crested and indicate sharply-defined mfl-YitYin. in the 
years 1870, 1883, and 1893. 

From the above it will be seen, therefore, that the actual epochs of sun-spot 
maxima, as deteimined from the northern and southern hemispheres respectively 
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Comparison of tlie Prominences witli the Magnetic Disturhance Cunes. 

If a comparison of the cimve representing the number of days of the 
"“great” magnetic disturbance is made with those representing pro- 
minence frequency (Plate 4), it will be seen that the former is as unlike 
the curves representing the prominence frequency about the solar 
equator as it is like those near the poles i in fact, the polar prominence 
outbursts, and great magnetic disturbances occur almost simul- 
taneously. 

The peculiar form and general similarity of the curves can be best 
seen from the accompanying illustration (fig. 1), In the figure com- 
parison is made between the epochs of the crossing of the known and 
unknown lines, the percentage frequency of prominences about the 
solar poles and Ellis’ great ” magnetic disturbances. 

Two curves representative of prominence frequency are given, one 
to indicate the abrupt nature of the curves representing the frequency 
in a zone near the pole 10 degrees in width (in this case 60“ — 70'^ 
north), and the second to illustrate polar action as a whole ; this latter 
was obtained by making a summation of prominence frequency for the 
two zones 60® — 90® north and south. 

The simultaneous occurrence of the maxima suggests that, when the 
prominence action takes place at the polar regions of the sun, one 
effect on the earth is that we experience our greatest magnetic 
disturbances. 

Further, according to Mr. Ellis,* “ unusual magnetic disturbance is 
frequent about epochs of sun-spot maximum, and nearly or quite 
absent about epochs of sun-spot minimum.” 

We find that not only do these “ great ” disturbances occur at the 
same time as the polar prominences, but the spectroscopic observations 
of sun-spots show that they take place not only “ about ” the times of 
spot maximum, as stated by Mr. Ellis, but when the sun-spot curve is 
approaching a maximum and at the dates of the widened line crossings,! 
when the curve representing the ‘‘ unknown ” lines is on the rise, and 
crosses the “ known ” line which is descending. At the other epoch 
of “ crossing,” i.e,^ when the curve showing the “ known ” lines is on 
the rise and the “ unknown ” is falling, there is practically no magnetic 
<iisturbance recorded. Attention is again drawn to these crossings, as 
it is desired to indicate that it is only at those particular times when 
the sun is increasing his temperature that these disturbances occur. 

iire not the same, and in dealing with the curve representing this variation for the 
wliole hemisphere, this fact should he borne in mind. 

It maj further be noted that the epochs of minima may be practically con- 
sidered the same for both hemispheres. 

'* ‘ Monthly IN'otices vol. 60, p. 118. 

f ‘ Bov. Soc. Proc..’ vol. 07, p. 412. 
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The facts in this paper explain why it is that magnetic storms some- 
times take place' when there are no spots, or no very large spots, on 
'the surface of the sun. Since the occurrence of magnetic storms is 



shown to be very closely connected with the solar prominences, there 
may be prominences and magnetic storms when there are no spots. 
Prominences may also sometimes he associated with large spots, and as 
the latter can be seen while the former can not, the resulting magnetic 
storm is generally attributed to the spots. 
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Further, the magnitude of magnetic storms appears to vary accord- 
ing to the particular position as to latitude of the prominence on the 
sun's disc. The nearer the poles (either north or south) the prominence 
•occurs, the greater the magnetic storm, and these are the regions where 
no spots exist. 

In this paper we have shown that the variations of the general 
magnetic phenomena, as given by ElKs, synchronise with the occurrence 
of prominences about the solar equator, while his “ great ” magnetic 
•disturbances occur, in point of time, with the appearance of prominences 
ill the polar regions of the sun. 

Professor Bigelow has recently* investigated the variations in the 
horizontal magnetic force, and finds that the curve representing these 
changes exhibits subsidiary maxima which synchronise with those 
recorded in the curve representing the mean variation of prominences 
for all latitudes. Thus, to use his own words, “the remarkable 
synchronism between the curves cannot escape recognition, except 
after the year 1894, when an extra minor crest is developed in the 
horizontal force.” 

The accompanying diagram (fig. 2) gives Professor Bigelow's curve, 
which represents, as he says, “ the series of minor variations which 
were found in the horizontal magnetic force . ♦ • . after the 11-year 
cycle curve has been eliminated,” together with the percentage 
frequency of prominences in all latitudes obtained by us from 
Tacchini's observations. 


^ ‘ Monthly Weather Eerie w,’ vol. 30, No. 7, July, 1902, p. 352, 
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The Bending of Electric Waves round a Conducting Obstacle/' 
By H. M. Magdoxald, E.R,S., Fellow of Clare College, Cam- 
bridge. Eeceived January 21, — Eead January 29, 1903. 

1. The mathematical theory of the formation of a shadow when waves 
impinge on an obstacle rests on an application of Huygens' principle, 
which may be stated in the form that, if a closed surface S be drawn, 
enclosing all the sources of the waves, the circumstances that obtain at 
any point outside this surface at a definite time can be expressed in 
terms of the state of affairs at the surface S at previous times. For i 
waves of sound, the usual analytical expression involves a knowledge 
of both the velocity potential of the motion and the velocity normal to 
the surface S at each point of it for all time;* for electric waves, 
which may be taken to include waves of light, it requires a knowledge 
of both the electric and magnetic forces tangential to the surface S for 
all time.t In the application to the theory of shadows,}: the surface S 
that is chosen coincides in part with the surface of the obstacle, the 
remaining part being chosen so as to simplify the calculation as much 
as possible ; for example, in the problem of the passage of waves oL 
light through an aperture in a plane screen, the surface S is taken to 
be the plane of the screen. It is then assumed that the part of the 
surface S which coincides with the surface of the obstacle contributes 
nothing, and it follows that, when the wave-length is small, a shadow 
is formed, whose boimdary is determined by the extreme incident rays 
that meet the surface of the obstacle. The assumption thus made is 
equivalent to assuming that the obstacle is perfectly absorbing, and for 
waves of light incident on opaque bodies this is known to be approxi- 
mately true, with possible exception for the case of opaque bodies whose 
surfaces are polished. For waves of sound incident on an approxi- 
mately rigid obstacle, and for electric waves incident on an approxi- 
mately perfectly conducting body, this theory does not apply : as, in 
the first case, the condensation does not vanish at the surface of the 
obstacle; and, in the second case, the tangential magnetic force does not 
vanish at the surface. 

In what follows the behavioiu of electric waves incident on a per- 
fectly conducting body will be discussed, and the conditions necessary 
for the formation of a shadow in this case will incidentally appear. 
The results for waves of sound incident on a rigid obstacle are very 
similar. 

2. It will be sufficient to consider a comparatively simple case, 

* Lord Eayleigli, ‘ Theory of Sound,* vol. 2, § 293. ^ 

f Macdonald, ‘ Electric 'Waves/ § 14. 

J Cf. Stokes, ‘ Camb. Phil. Trans./ vol. 9, 1849, p. 1 ; Lorenz, ‘ Pogg. Ann./ 
p. Ill, 1860 :Kirclihoff, * Berlin Sitzungsberidite/ vol. 2, 1882, p. 641. 
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wMcli is of some importance on account of its application to the propa- 
gation of electric waves along the surface of the earth. The case is 
that of a Hertzian oscillator placed outside a perfectly conducting- 
sphere. Let the radius of the sphere be a, and let the oscillator be at 
the point C, whose distance OC from 0 the centre of the sphere is ri, 
the direction of the axis of the oscillator being along the line OC. 
The lines of magnetic force are circles, whose centres lie on OC, and 
whose planes are perpendicular to OC. If y denotes the magnetic force 
at any point P whose distance from OC is p, yp satisfies the differential 
equation 

where z is the distance of the point P from some plane of reference 
perpendicular to OC, and 2 x/fc is the wave-length of the oscillations. 
Transforming to polar co-ordinates (r, d\ where r = OP and d is the 
angle COP, this equation becomes 

§ (w) + p (7/>) + V = 0 (1), 


in which ju, = cos 6, The general solution of this equation, which is 
applicable to the space external to a sphere, is 

yp = (/«■) («r)} (1 - p?) , 

^ Ofj^ 

in which Jm (^r) denotes Bessers function of order m and Fn (p) the 
zonal harmonic of integral order n. It is, therefore, first necessary to 
' expr^ the magnetic force due to the oscillator in this form. If yi is 
the magnetic force at the point P due to the oscillator, 71 is the real 
0 vO 

part of C^ -r — , in which E is the distance CP and V is the 

op Er 

velocity of radiation.* Writing 

3 e-t'cB 
op E 

and remembering that E^ = - 2 ?v ip, 

this is equivalent to 

^1 = p~r-iTi-ie^li-2 (2n + 1 ) e-w'/SKn+j (mn) J„+j (xr) (p), 
whenr<ri, where 


Tre — 2 
2 sill m-JT 




^ Hertz, ‘ Electric Waves,’ Eng. Trans., p. 141, 
t Macdonald, ‘ Proe. Loni Math. Soc.,’ vol. 32. 
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(2n + l)-Pn = ^^-%^-^, 

O/I o/t 

/e\ . l\ , f , 


maMng these substitutions and rearranging the series, it becomes 
0# 3 

0 

4* ijl + S) T'^Z n+^ (^'?‘) ^ J ’ 

that is 

= ^^gn{ri)3..^i(KT)0.-v?)^-\ r<r^ ( 2 ), 

1 dyx 

where 




If, then, a solution ^ of equation (1) can he found, which is such 

that ^ becomes infinite as at the point (? j, 0) and ^ vanishes when 

or 


r = a, the real part of will be 7, the required magnetic force, 

for then ■— (yp) will vanish when t = a, that is, the electric force 
dr 


tangential to the sphere vanishes. The solution required will be of 
the form 


® 3P 

= 7 ^^ gn(ri) [J n+i(f<r) + (t/cr)] (1 - pS) ^ 

1 d/i 

where ri > r> and the constants A» are determined by the con- 
dition that — = 0, when r = hence 
c)»' 




00 

1 


0^ Jn+i(#ca)} 

Jin 0 ( ckt ) 


(1-Ac2)^, 

Ojot 


where 7^i>r>a. 
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The calculation of the electiie forces at a point not on the surface of 
the sphere presents difficulties, but when the wave-length is small 
compared with the radius of the sphere, the electric force at the surface 
of the sphere can be obtained in a simple form. The electric force at 
the surface of the sphere is normal to the surface, and denoting it by F, 

— ^ is the real part of when r = Now 


1 dip 






T /.A K5,+^(tAC«) 9r ,-r / V. 

da 

n n®* 

<*-'•) a:' 


and, wlien the wave-length is small compared with a, this becomes 
1 8^ 
a® 3/V=a 


^ ^ {ai j»+i (w) }] (1 - 




that is, writing ip^ = f(r% 


1 dj' ^ 

0/^ a- dfjf 



From the above 

where = aS ^ _ 2ari/i, that is 

N /-, ,v/ 9^0 aEo\ 3 c-«». 

or, 

f(a) = 3 e-^ 

therefore 


Eo 3Eo Eo ’ 


1 3 ^ _ 1 3 r „ fa- 8 e-t^o 1 3 9 g-.KBa-| 

fl®3/v=o a‘^ 3/i L ^ LEoSEq Eo ik 3ft Eo SEj Eq jJ' 
which gives 


J_^_C 3_ 
Y^dt~ a2 0^ 



3 cosK(Bo-Vf) 

Eo 3 Eq Eo 

_1 3 ft2__^ 

K 3a Eo 3Eo 


sin k(Eo- V<) j 
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and therefore 


9 shxK{^-Yt) 
dfi V Eo 3 Eo Ea 


1 ^ ^ 9 cos K^Rp-Yt) 
K 0ft Eo 0Eo Kq 



(3). 


At points on the surface of the sphere for which Eo is great com- 
pared with the wave-length, this becomes, retaining only the most 
important terms, 

F=-CV^(l- (1 - p?) sin k(Eo - Tt), 

or 

F= ^l-£^jri = (l-cosx)Fi (4), 

where x is the angle subtended by OC, and Fi is the electric force- 
along the normal, which would be due to the oscillator if the sphere were 
absent. From this it follows that the ratio F/Fi gradually diminishes 
as /* decreases, imtil approaches the value - 1, when it becomes com- 
parable mth the terms which have been neglected. Hence, when 
electric waves are incident on a perfectly conducting sphere, there is no- 
trae shadow near the surface when the wave-length is small compared 
with the radius of the sphere. It can, therefore, be inferred that, when 
electric waves are incident on a perfectly conducting body whose 
surface is convex, and has its radii of curvature everywhere great 
compared with the wave-length, there is no true shadow near to the 
surface. It is Imown that, when electric waves of small wave-length 
are incident on a perfectly conducting wedge, the disturbance does not 
sensibly creep round the corner, but shoots out so that there is a shadow 
which coincides the more closely with the geometrical shadow as the 
wave-length diminishes.* It therefore appears that the condition for 
the formation of a distinct shadow near the surface of a perfectly 
conducting body, whose surface is convex, when electric waves are 
incident on it, is that there should be a line on that part of the surface 
inside the geometrical shadow along which the radius of curvature of 
the surface in the plane of incidence of the waves is small compared 
wdth the wave-length. 

3. The electric force normal to ‘the surface of a sphere, which is a 
fairly good conductor, may be obtained by an analysis similar to that 
given above. The result is 


1 

ft"* ^IXy—a 


1 1 — t€ 0 

ft2 1 -i- 6^ 0jU, 






* Sommerfelcl, * Math, Aniialeii,^oL 47, 1896 j or Macdonald, * Electric Waves,” 
1902, p. 187. 
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where c = (rAc/47rV, and yip is the real part of /(r), and a- is the specific 
resistance of the material of the sphere, the other symbols having the 
same meaning as before ; it being assumed that €, which for ordinary 
metallic conductors is of the order when the wave-length is about 
10 cm., is small. If F' now denotes the electric force normal to the 
surface, F' differs in phase from F (the electric force normal to the 
surface when the sphere is a perfect conductor) by a small amount, 
and the ratio of the amplitude of F' to F is 1 - The effect of 
imperfect conduction is therefore to diminish the electric force normal 
to the surface, but only by an inappreciable amount when the obstacle 
is as good a conductor as an ordinary metal j for sea water, taking 
<r = 10^0, the correction is less than one part in a thousand.* 

4. The effect of a rigid spherical obstacle on the waves of sound 
sent out from a. source, when the wave-length is small compared with 
the radius of the sphere, can be obtained by an analysis which s 
almost identical with that given above. The result is that at any 
point on the sphere at a distance from the source great compared with 
the wave-length, 

<!> = <l>i(l = ^*>1 (1 - cos x), 

where <j>i is the velocity potential at the point due to the source, and 
is the actual velocity potential there. There is, therefore, no true 
shadow near the surface of the sphere. Lord Eayleight has discussed 
the effect of a rigid sphere on the waves sent out from a source close 
to the surface, and found that there was no indication of the forma- 
tion of a shadow for wave-lengths greater than half the circumference. 
The above statement completes the investigation. The conditions for 
the formation of a distinct shadow, when waves of sound are incident 
on an approximately rigid obstacle, follow ; they are of the same type 
as those already stated for an approximately perfectly conducting 
body on which electric waves are incident. 

5. The results of § 2 have an immediate application to the question 
of the propagation of electric waves around the surface of the earth. 
Let 0 be a place on the earth’s surface from which waves are being 
sent out; these waves may be supposed to be due to an oscillator 
placed vertically. The electric force acting on a receiver at a place, 
whose angular distance from 0 measured along a great circle is 0, 
will be F, given by equation (4) § 2, when the distance of the receiver 
from the oscillator is great compared with the wave-length. In this 
case Ti is nearly equal to a, and may be put equal to it for values 
of 6 for which equation (4) applies; thus F = Fi(l - sin It is 

* I'op the waTe-lengths actuailly used the correction is less than one part in a 
hundred millions. 

t * Theory of Sound,’ toI, 2, § 328. 
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convenient for purposes of compaiison to substitute for Fi in terms of 
another quantity ; let F 2 denote the eleetidc force due to the oscillator 
at a point in its equatorial plane at a distance ad from the oscillator, 
which is the same as the areual distance of the receiver ; then 

ft STiJF - 

where P is the amplitude of P, and Fo the amplitude of Fa; the ratio 
of the intensities in the, two eases is hK The following table shows 
the manner of variation of the amplitudes and the intensity (k^) near 
the sphere as 0 increases from 20 ** to 120 “ : — 


e 

- • ^ 

1 — sm - 
2 

k 


20 ° 

0 -82835 

0 *80551 

■ 

0-64885 

25 ° 

0-78356 

0-73567 

0*54121 

30 ° 

0-74118 

0 *69949 

0*48929 

35 ° 

0 -69929 # 

* 0*64546 

0-41661 

40 ° 

0-65797 

0-59297 

0*35162 

45 ° 

0 -61731 

0 -54070 

0-29235 

50 ° 

0-57788 

0-48964 

0-23975 

55 ° 

0-53825 

0-44019 

0-19877 

60 ° 

0-5 

0 *39269 

0*15421 

65 ° 

0*46270 

0 *34745 

. 0*12072 

70 ° 

0 -42642 

0*30473 

0*09286 

75 ° 

0 *39127 

0*26477 

0 -07010 

80 ° 

0-35721 

0*22766 ! 

0*05183 

85 ° 

0*32440 

0 *19343 

0*03741 

90 ° 

0 *29289 

0-16266 

0 *02645 

05 ° 

0-26272 

0*13483 

0*01818 

100 ° 

0*23395 

0*11011 

0*01212 

i ( e ° 

0-20664 

0*08844 

0*00782 

110 ° 

0*18084 

0 *08972 

0*00486 

115 ° 

0 *15660 

0 *05379 1 

0-00289 

120 ° 

0*13397 

0*04050 ! 

! 1 

0 *00164 

1 


For example, when 6 — that is for the case of the earth at a 
distance of rather more than 3000 miles, the amplitude of the electric 
force acting on the receiver is more thair half the amplitude of the 
electric force that would be directly due to the oscillator at that 
distance, and the intensity nearly three-tenths. These results will 
apply when the two places are separated by good conducting material 
such as sea water, the effect of the imperfect conduction of such 
substances being by § 3 negligible. They explain why wireless 
telegraphy is more effective over the sea or wet soil than over dry 
soil ; from § 3 it follows that a badly-conducting obstacle diminishes 
the effect. It is also to be expected from § 2 that the influence of a 
, VOL. LXXI. U 
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ridge of some sharpness between the places is to create a distinct 
shadow, to such an extent that the effect would be inappreciable ; the 
same result would be produced by an intervening headland; this 
agrees with the experience of Captain Jackson.* 


Studies in the Morphology of Spore-producing Members. — ^No. V, 
General Comparisons, and Conclusion.” By P. 0. Bower, 
SaD., F.E.S., Begins Professor of Botany in the University of 
Glasgow. Eeceived January 30, — Eead February 12, 1903. 

(Abstract.) 

This concluding Memoir contains a general discussion of the results 
acquired in the four previous parts of this series, and of their bearing 
on a theory of sterilisation in the sporophyte. The attempt is made 
to build up the comparative morphology of the sporophyte from 
below, by the study of its simpler types; the higher and more 
specialised types are left out of acccpat, except for occasional com- 
parison. It is assumed for the purposes of the discussion that alter- 
nation of generations in the Archegoniatae is of the antithetic type, 
and that apogamy and apospory are abnormalities, not of primary 
origin. 

After a brief allusion to facts of sterilisation in the Sporogonia of 
Bryophytes, the similar facts are summarised for the Pteridophytes. 
It has been found that examples of sterilisation of potentially sporo- 
genous cells are common also in vascular plants, while occasionally 
cells which are normally sterile may develop spores. Hence it is 
concluded that spore-production in the Archegoniate plants is not in 
all cases strictly limited to, or defined by, preordained formative cells, 
or cell-groups, A discussion of the archesporium follows, and though 
it is found that in all Pteridophyta the sporogenous tissue is ultimately 
referable to the segmentation of a superficial cell, or cells, still in 
them, and indeed in vascular plants at large, the segmentations which 
lead up to the formation of spore-mother-cells are not comparable in 
all cases ; in fact, that therq is no general law of segmentation under- 
lying the existence of that cell or cells which a last analysis may 
mark out as the “ archesporium nor do these ultimate parent cells 
give rise in all cases to cognate products. Therefore it is concluded 
that the general application of a definite term to those ultimate parent 
cells which the analysis discloses has no scientific meaning, beyond the 
statement of the histiogenic fact. 

Further, it is shown that the tapetum is not a morphological constant, 
^ ^ Roy. Soc. Proc.,* 1902, 
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tut varies both in occurrence and origin ; that even the individuality 
of the sporangium is not always maintained. All that remains then 
as the fundamental conception of the sporangium in vascular plants 
is the spore-mother-cell, or cells, and the tissue which covers them in, 
for such cells are always produced internally. The definition of the 
sporangium may then be given thus : JFlm'&ver we find m vascular 
plants a single spore^^motlier-cell^o^' coimected group of tliem^ or their prodmt$^ 
this with its pviectim tissues constitutes the essential of an individual spa/ - 
angiimJ' From the point of view of a theory of sterilisation such 
sporangia may, at least in the simplest cases, be regarded as islands 
of fertile tissue which have retained theiz* spore-producing character, 
while the surrounding tissues have been diverted to other uses. It 
mil be seen later how far this view will have to be modified in the 
more complex cases. 

In a second section of the Memoir the variations in number of 
sporangia in vascular plants are discussed ; the methods of variation 
may be tabulated as follows, under the heads of progressive increase 
and decrease : — 


I . — Increase in Number of Spmwigia, 

(a.) By septation, with or without rounding off of the individual 
sporangia. 

{b,) By formation of new sporangia, or of new spore-bearing organs, 
which may be in addition to, or interpolated between those 
typically present. 

{c,} By continued apical, or intercalary growth of the parts bearing 
the sporangia^ 

{d,) By branching of the parts bearing the sporangia. 

(c.) Indirectly, by branchings in the non-sporangial region resulting 
in an increased number of sporangial shoots ; this is closely 
related to (c) and (d), 

IL — Decrease in Number of SporangwL, 

{f) By fusion of sporangia originally separate. 

(g,) By abortion, partial or complete, of sporangia. 

(Jl) By reduction or arrest of apical or intercalary growth in 
parts bearing sporangia. 

(i.) By fusion of parts which bear the sporangia or arrest of their 
branchings. 

(j.) Indirectly, by suppression of branchings in the non-sporangial 
region, resulting in decreased number of sporangial shoots ; 
this is closely related to (h) and (i). 

We are justified in assuming that (subject to the possibility of 
other factors having been operative of which we are yet unaware) 
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tlie condition of any polysporangiate sporophyte as we see it is- 
tlie residtant of modifications sucli as tfiesCj operative during its 
descent. 

The problem will, therefore, be in each ease to assign its proper 
place in the history to any or each of these factors. 

It is pointed out that in homosporous types, which are certainly 
the more primitive, the larger the number of spores the better the 
chance of survival, and hence, other things being equal, increasing 
numbers of spores and of sporangia maj’’ be anbicipated ; but in the 
heterosporous types reduction in number both of spores and of 
■sporangia is frequent. The former will accordingly illustrate more 
faildifully than the heterosporous forms the story of the increase of 
complexity of spore-producing parts. The general method put in 
practice here is to regard homosporous forms as in the upgrade of 
their evolution, as regards their spore-producing organs, unless there 
is clear evidence to the contrary. The onus pvbandi lies rathei'* 
with those who assume reduction to have taken place in them. 

A summary of evidence of variation in number of sporangia by any 
of these methods is then given foi\the Lycopodinesc, Psilotaeese,. 
Sphenophylleae, Ophioglossaceas, Equisetinese, and Eilicinese ; followed 
in ^eh case by a theoretical discussion of the bearing of that 
evidence on the morphology of the spore-producing members. The 
general result is that all of them, including even the dorsiventral and 
megaphyllous types, are referable to modifications of a radial strobiloicl 
type ; progressive elaboration of spore-producing parts, followed by 
progressive sterilisation, and especially by abortion of sporangia in 
them, of which there is frequent evidence, together with the acquire- 
ment of a dorsiventral structure, may be held to account for the 
origin of even the most complex forms. But the vegetative organs 
once formed may also imdergo elaboration, and differentiation 2 )an 
with the spore-producing organs, a point which has greatly com- 
plicated the problem, especially in the higher forms; all roots are- 
probably of secondary origin; facts of interpolation of additional 
^sporangia, especially in Ferns, and of apogamy and apospory, are 
also disturbing influences, which have probably been Of relatively 
recent acquisition. 

A comparison is drawn 'as regards position, physiological and 
evolutionary, in the sporophyte between the fertile zone in certain 
Bryophytes and the fertile region of certain simple Pteridophytes,. 
ejj., the Lycopods; though no community of descent is assumed, 
the relation of the reproductive to the vegetative regions is the* 
same. In the Bryophytes that region is regarded as a residuum from 
progressive sterilisation ; it is suggested that the same is the case for 
a strobiloid Pteridophyte, such as Lycopodium, The theory of the 
strobilus, based on this comparison, is that similiar causes would lead to 
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the decentralisation of the fertile tissue in the primitive Pteridophjtes 
as in the Bryophytes, and result in the formation of a central sterile 
tract, with an archesporium at its periphery ; that such an archesporium, 
instead of remaining a concrete layer as it is in the larger Musci, 
became discrete in the Lycopods ; that the fertile cell-groups formed 
the centres of projecting sporangia, and that they were associated 
regularly with outgrowths, perhaps of correlative vegetative origin, 
which are the sporophylls. 

Whether or not this hypothesis of the origin of a Lycopod strobilus 
approaches the actual truth, comparison points out the genus Lyco- 
podimi as a primitive one, characterised by more definite numerical 
and topographical relation of the sporangia to the sporophylls than in 
any other type of Pteridophyta. 

Then follows, as a consequence of comparison, the enunciation of a 
theory of the sporangiophore, a word which is here used in an ex- 
taided sense to include not only the spore-producing organs of 
Psilotaceae, Sphenophyllese, Ophioglossacese, Equisetaceae, but also the 
sori of Ferns. The view is upheld that all these are simply placental 
growths, and not the result of “metamorphosis” of any parts or 
appendages of prior existence ; that the vascular supply, which is not 
always present, is not an essential feature ; that they are seated at 
points where in the ancestry spore-production has been proceeding pn 
an advancing scale ; hence they do not occupy any fixed and definite 
position. It seems probable that at least a plurality of sporangia 
existed on primitive sporangiophores, and that where only one exists 
that condition has been the result of reduction. 

The above theories are then applied to the several types of Pterido- 
phyta. The Lycopods, Psilotaceae, Sphenophylleae, and Ophioglossaeeai 
may be arranged as illustrating the increased complexity of the spore- 
poducing parts, and of the subtending sporophylls ; the factors of 
the advance from the simple sporangium to the more complex spor- 
angiophore are, septation, upgrowth of the placenta with vascular 
supply into it, and branching, with apical growth also in the Ophio- 
glossacesB. But even in the most complex forms the sporangiophpre 
may be regarded as a placental growth, and not the result of transfor- 
mation of any other member. 

In the case of Helmintliostachys the marginal sporangiophores arc 
regarded as amplifications from the sunken sporangia of the Ophio- 
§dossum type ; in Eguisetmi they are regarded as being directly seated 
on the axis, and having originated there by a similar progression ; 
they would thus be non-foliar. It is pointed out that though a foliar 
theory wpuld be possible for Eqiiisetum itself, it is not applicable to 
Ijie facts known for the fossil Calamariese, which are so naturally 
related to it. Thus the strobilus of the Equisetineae is of a rather 
different type from that of the Lycopods, Psilotaeefp,, or even the 
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Ophioglossacese, in all of whicii there is a constant relation of the 
spore-producing parts to the leaves ; in the Equisetinese no such con- 
stant relation exists ; the leaves and sporangiophores may he in juxta- 
position, as in Calar)iostachys, without exactly matching numerically ; 
or the sporangiophores may occur in larger numbers and in several 
I'anks, between successive leaf-sheaths, as in Fhyllotheca and Bornia ; 
or mthout any leaves at all, as in Eqidsetim. Thus, on a non- 
phyllome theory the latter may be held to be only an extreme case of 
what is seen in certain fossils. 

The Ferns, notwithstanding their apparent divergence of character 
from other Pteridophytes, may also be regarded as strobiloid forms, 
with greatly enlarged leaves; the primitive sori of the Simplices 
resemble the sporangiophores of other Pteridophytes ; the more com- 
plicated soral conditions of the Gradatse and Mixtse were probably 
derivative from these, the chief difference being due to the interpolation 
of new sporangia, an innovation which is in accordance with biological 
^ probability, as well as with the palaeontological record. 

The effect of the results thus obtained on the systematic grouping 
of the Pteridophytes is then discussed; it is pointed out that the 
Lycopods, Psilotaceae, Sphenophylleae, Ophioglossaceae, and Filices 
illustrate lines of elaboration of a radial strobiloid type, with increaS-^ 
ing size of the leaf. The division of Pteridophyta by Jeffrey, on 
anatomical characters, into small-leaved Lycopsida, and large-leaved 
Pteropsida is quoted ; but it is concluded that the anatomical distinc- 
tion of Jeffrey does not define phylogenetically distinct races, but is 
rather a register of such leaf-development as differentiated them from 
some common source. It is contended that the Ophioglossacese and 
Filices, which constitute Jeffrey’s Pteropsida, are not necessarily akin 
on the ground of their large leaves, and consequent phyllosiphonic 
structure ; but that they probably acquired the megaphyllous character 
along distinct lines. The opinion of Celakovsky is still held, “ that 
the Lycopods are probably of living plants, the nearest prototypes of 
the Ophioglossacese.” The more recent investigations of Jeffrey, and 
of Lang, have shown, however, that in the gametophyte of the Ophio-* 
glossacese, there is an assemblage of “ Filicinean ” characters, which 
differ from those of Lycopodium itself. But Celakovsky’s comparison 
is with the LycopodSy not mth the genus Lycopodium ; so W as the facts 
go, increasing “ FiHcinean ” characters of the gametophyte follow in 
rough proportion to the larger size of the leaf ; thus from Isoetes we 
learn that a combination of cross characters is found in a mega- 
phyllous Ly copod type. /What we find in the Ophioglossacese is that 
in conjunction with their more pronounced megaphyllous form, still 
retaining, however, the Lycopodinous type of the sporophyte, they 
show more pronounced “ Filicinean ” characters of the gametophyte, 
and of the sexual organs. Tt is unfortunate that the facts relating to 
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the gametophyte of the Psilotaeeae and Sphenophyllese are not avail" 
able in this comparison. 

It is not obvious what the meaning is of this parallelism between 
leaf-size and characters of the sexual organs; a further difficulty 
in its interpretation lies in the fact that for the Equiseta the parallel- 
ism does not hold \ there “ Filieinean ” characters of the gametophyte 
accompany entirely non-Filieinean characters of the sporophyte, the 
latter showing nearer analogy to the Lycopods than to the Ferns. 
Such cross characters are difficult to harmonise with any phylogenetic 
theory ; on account of them, the Equisetinese are placed in an isolated 
position, and in the same way, though with less pressing grounds, a 
separate position should be accorded to those types which lie between 
the extremes of Lycopods and Ferns, in proportion as the characters 
are more or less pronounced. 

On this basis the Isoetacese would probably best take their place as 
a sub-series of the Lycopodiales, Ligulatse ; the Psilotacese and Spheno- 
phyllese would constitute a series of Sphenophyllales, separate from, 
but related to, the Lycopodiales. The Ophioglossacese would form an 
independent series of Ophioglossales, more aloof than the latter from 
the Lycopodiales, but hot included in the Filicales. The actual con- 
nection of these series by descent must remain open; it is quite 
possible that some or all of them may have originated along distinct 
lines from a general primitive group, which may be provisionally 
designated the Protopteridophyta ; these were probably small-leaved 
strobiloid forms, with radial type of construction, and with the 
sporangia disposed on some simple plan. The grouping arrived at in 
these Memoirs may be tabulated as follows : — 

PTERIDOPHYTA. 

I. Lycopodiales. 

{a) Eligulatse. 

Lycopodiacese. 

{h) Ligulatse. 

Selaginellacesc. 

Lepidodendracese 

Si^lariaceje. 

Isoetaceae. 

II. Spenophyllales. 

Psilotacese. 

Sphenophyllacete ♦ 

III. Ophioglossales. 

Ophioglossacea*. 
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lY. Filicales. 

{a) Simplices. 

jMarattiaceas. 

Osmundaceai. 

Schizaeaceai. 

GleielieniacetTe. 

Matoninea?. 

(Z*) Graclatse. 

Loxsomaceae. 

Hymenophyllacea‘. 

Cyatheaceae. 

Dicksonieae. 

Dennstaedtiiine. 

Hydropterideae ('?). 

(^') Mixtae. 

Davallieae. 

Lindsayese. 

Pterideae, and other PolypodiacetO. 

' V. Equisetat.es. 

Eqiiisetaceae. 

Oalamarieae. 


‘‘ On ‘the Negative Variation in the Nerves of Warm-blooded 
Animals. By N. H. Alcock, M.D. Comiminicated by 
A. D. Waller, M.D., F.RS. Eeceived January 17, — Eead 
February 12, 1903. 

(From the Physiological Laboratory, University of London, S. W.) 


liitrocbicti'on, 

Tiw negative variation in the nerves of warm-blooded animals has 
alr^dy been the subject of several researches * While the nerves are 
still in connection ivith the tissues it has been the experience of most 
obsei-vers that there is no difficulty in examining the negative variation, 

Tmn’, o ’ Pbysiologie,’ vol. 3, p. 120 ; Gotch and Horsley, ‘ Phil. 

rJis n ror“w ■ ^“'donaia and W. Eeid, < J. kysiol.,’ 

‘Centrjdbff Electricity," London, 1897; Bonittau, (a) 

p ^^y“°^°Sie,’voL 12, p. 317. 1898, (J) ‘PEtiger’s Archiv,’ vol. k. 
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but with rega.rd to isolated nerves contradictory statements have been 
made, and it was to ascertain if possible the reason of this discrepancy 
that the present research was undertaken. 

Methods. 

The following method was employed in all the experiments here 
quoted. The animal was killed by decapitation, and the body left 
undisturbed for SO — 45 minutes. The nerves were then dissected out, 
placed in a T05 per cent. NaCl solution at about 30° C., and kept at 
this temperature for about half-an-hour or more. They were then 
allowed to cool to room temperature (17 — 19° C.), and it was found 
that, as a rule, the negative variation of nerves so treated was of the 
order of 1 millivolt {vide infra). This, of course, is not an absolute 
value of the true P.D. between active and inactive parts of nerve, but 
only a fraction of it, depending upon the amount of internal derivation 
in a nerve trunk by indifferent conducting tissue. 

Prom about 2 to 6 hours ^post-rrmievi this value remains at a fairly 
constant amount, for instance, in Experiment the sciatic of the 
rabbit was used 5 h. 30 m. jyosi-mmiem, and gave a negative variation 
of 0*00083 volt; in Experiment AS 2 h. 40 m. imt-mmiem the value 
was 0*00076 volt, and these are typical instances. The table on p. 277 
gives the result of twenty-two experiments, in which the values were 
taken for heat determination, which illustrates this. 

Certain points may be here noted. The practice of placing nerves 
in salt solution for some time before use has been employed by Waller,"^ 
Gotch,t and Boycott,! in the case of the frog.§ 

The effect of changes in the composition of the salt solution is the 
subject of another research which I hope to publish at a future time ; 
however, I may here state that small differences in the concentration 
of the solution — ±0*1 per cent. NaCl — ^make no apparent differ- 
ence in the condition dc the nerve, and the same is true in the main 
of small differences in the reaction, and of small differences of tem- 
perature. 

Wallerjl has pointed out that the presence of lactose in the solution 
is of advantage, and taking a greater value of the negative variation 
for a sign of greater irritability, the same appears to be true in mam- 
malian nerve for maltose and glucose, though I make the statement at 
present with some reserve. 

For instance : — Experiments B‘® and B®^. 

* Waller, ‘ Brain/ vol. 73, 1896, p. 43, et seq^. 
t G-ofccli, ‘ J. Physiol./ toI. 28, p. 32. 

X Boycott, loc. cit. 

' § See also G-otch and Horsley, toe. eit. Macdonald and Beid, loc. cit. 

jj Waller, loc. cit. (Lectures), p. 73. 
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Toung Babbit. 


N'erves kept for 3* circa post-mortem. 


i 

Experi- 
ment IN'o. 

Temp, of 
nerve. 

Yolfe. of 
neg. var. 
at excit. 
100. 

Yolt. of 
neg. var. 
at excit. • 
30. 

Notes. 


30° C. 

0-00033 

0 -00023 

1 -05 p. c. NaCl + 

0 *5 p. c. maltose. 

B. sciatic. 

Btd 

80“ C. 

0-00033 

0 -00016 

1*05 p. c. NaClonly. 

L. sciatic. 


The two nerves of opposite sides are here compared, and the com- 
parison is in favour of the E. sciatic which had been treated with 
maltose. No account is here possible of the precautions used to 
exclude fallacy, but many further experiments support the one quoted, 
and it is at least very probable that the maltose is the active variant. * 

The method employed for determining the negative variation and 
the action of anaesthetics was in all cases that of Waller. An addi- 
tional larger box was used, with a false bottom of wood, on which the 
nerve chamber rested. Below this was a layer of water, so that the 
nerve was kept in an atmosphere nearly saturated with water vapour 
at whatever temperatoe was desired. 

The standard “Berne” coil, worked with two Leclanchd cells, was 
used to ^vethe excitation, which always consisted of tetanising shocks 
for a period of 13 seconds, repeated once a minute. The number of 
unite used was 500, when not otherwise stated. The usual precautions 
against current escape and electrotonus were carefully observed ; this 
was found to he particularly necessary in the case of bird’s nerve. 

Half-grown rabbits were found very suitable animals to use, as the 
small amount of connective tissues permitted the nerves to bo dissected 
out with a minimal amount of injiuy. Experiments were also made 
with cate, kittens, guinea-pigs, hedgehogs, pigeons, and frogs. The 
teehmque is considerably easier in the case of young animals ; adults, 
however, answer well if care be taken. In the latter, and especially 
in the nerves of birds, it is advisable to work at rather hio’her tom- 
p€ratures tlian those given above. ^ 

V iliage mid Strength of Excitation, 

The voltage of the negative variation varies with the animal, the 
nerve employed, the temperature and condition of the nerve, and, 
within eertam limits, with the strength of excitation. 
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The question of temperature will be considered ]ater. Assuming 
for the present purpose that the conditions of experiment were equally 
favourable throughout, and taking the sciatic nerve as a standard,, 
different animals gave the following values : — 



Millivolts. 


Maximum 

observed. 

Mean. 

Babbit 

1*1 

0*69 

Mean of 11 experiments. 

Kitten 

0*66 

0*50 

i» S j, 

Pigeon , 

1 *05 

0-42 

>» S JS 

Gtdnea-pig 

1-2 

i 

0*89 

2 

>» ^ j» 


All these are very much less than the frog, which gives 2 millivolts or 
more. 

Different nerves in the same animal often show indi-vudual inequali- 
ties, but as a rule the larger nerves give a smaller negative variation 
than those of less diameter. The sciatic gives commonly the* least, 
but is the most resistant to adverse influences. The median and 
ulnar nerves are more delicate, but give larger variation under favour- 
able circumstances, e.^., the median nerves of the pigeon gave a mean 
value of 0*54 millivolt (five experiments) as against 0'42 for the 
sciatic. The greatest value I have yet measured was in a branch of 
the anterior crural of the rabbit, which on the right side gave 2*5 milli- 
volts and on the left 2*3. 

Boruttau* found the vagus in the rabbit to give a larger negative 
variation than the sciatic, and obtained only very small responses from 
the nerves of hens, ducks, or pigeons. 

The larger number of fibres not in contact with the longitudinal 
electrode would appear to act as a deriving circuit of less resistance in 
the larger nerves, and so less current passes through the galvano- 
meter, and the greater amount of connective tissue in the sciatic 
would have the same effect. It is possible that there are other causes 
in addition to these 3 there is at present no evidence for or against 
such a possibility. 

Similar reasons probably also explain why a stronger stimtilus is. 
necessary for the warm-blooded nerves than for the frog. The 
difference is, however, not very great. The minimal effective excita- 
tion I have so far observed is 6 units of the “Berne ” coil, 500 units is 
commonly a maximum, 1000 nearly always so. The smaller electrical 


* Bonittau («), loc. cii. 
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resistance of the mammalian nerve between the exciting electrodes 
laiist be borne in mind in these comparisons. 

Gotch* has recently stated that in determining the sub-maximal 
response of frog’s nerve, the excitation of a smaller number of fibres is 
a far more potent cause than the varying response of each fibre and it 
seems very probable that the higher threshold and wide range of 
excitation in mammalian nerves is due to the failure of the exdtm<y 
current to reach the more cHstant fibres, protected as they are byinteit 

venmg fibres and connective tissue, and not to any essential difierence 
in the nerves. 


The negative variation commonly persists without great alteration 
™ er or inai^ conditions for at least 4 — 8 hours jMsi-mortem The 
longest time I have seen was in Experiment C*' (internal popliteal of 
t^ he^ehog, 28 hours post-wmiem ) ; the right and left meLn nerves 
the fatten in Experiments and gave a small and rapidly 
diminishing response 1 9 hoiu's fost-mortem. ^ 

observers (Valentin, Predericq, Hermann) have state<l 
that they have found the negative variation to persist for days, and to 
fast lonpr than in frog’s nerve. I am unable to confirm L : evmi 
in the hedgehog the nerves are much more short-Hved than in the 

OTobah? w pbenomena referred to were 

probably of a different nature to those examined here, viz., electro 

tome spread or ordinary diffusion. 





iixp. :B**. Reads from lef fc to ri*»lifc. 


^ G-otcli, ‘ J . Pljysiol.,* Tol. 28, p. 40* 
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Action of Aiuesthefics. 


The following is the summary of the observations made on this 
su])ject : — 


Chloroform. 


Experi- 
ment and 
plate No. 

Negat. 

Tar. 

before. 

During 1 

CHCis. 

1 

After. Notes. 1 

, i 




0 to 0*42 Kitten. Sciatic. Temp. 

of nerve chamber, 32®. 
Complete abolition and 
recoTerj. 

204 

0-48 

0-42 to 0 i 

3 min. 

2 W 

0*38 

0*38 TO 0 

5 min. 

0 to 0*22 Kitten. Sciatic. Temp. 

= 30® a After OHCI 3 
a positiTe variation 
appeared, changing 

again to a negative. 
Fair recovery. 

AMOS 

0*95 

0*70 to 0*40 

3 min. 

j i 

0*21 to 0*13 Kabbit. L. sciatic. 6 h. 

post - mortem. Temp. 

= 20 ®. G-radual pro- 
gressive diminution and 
no recovery. FI&. 3. 

0 *18 to 0 *36 Kitten. L, median. 

Temp. « 32®. CHCl., 
dilute at first, stronger 
j after first minute. 

C«' 424 

0*46 

0*46 to 0*15 

4 min. 

i 

B‘417 

0*47 

! 

1 0*6 tp 0*1 

5 min. 

0*21 to 0*40 Pigeon. R. median. 3 h. 

post - mortem. Temp. 
37®. Recovery. 


Ether. 




During ether. 



201 

0-40 

0*25 to 0 

0 to 0 *28 

Kitten. K. sciatic. 



3 min. 


Temp. 34®. 37 m.^o^^- 
mortem. Imperfect 

recovery. 

Kitten. L. sciatic. 4 h. 

203 

0*66 

0 *25 to 0 

0 to 0*46 



3 min. 


post - mortem. Temp. 

— 28®. Recovery. 

B'' 413 

0*54 

0*22 to 0 

0 to 0 *54 

Rabbit. Ext. popliteal. 



3 min. 


2 h. 30 m. post-moi tern. 
Temp. = 30®. Re- 





covery. F1G-. 2. 

B'- 416 

0-83 

— to 0 

0 to 0 *51 

Pigeon. 2 h. 30 m. pofit.- 



2 min. 


mortem. Temp. = 39® 
C. L. sciatic. Re- | 




i 

covery. | 






272 Dr. K H. Alcock. On the Negative Variation [Jan. 17, 

COo. 


Experi- 
nienfc and 
plate ITo. 

Neg. Tar. 
before 
in 0*001 
volt. 

Neg. var. 
during 

CO 2 . 

Neg- Tar. 
after. 

Notes. 

202 

i 

0*59 

0-1 

3 mill. 

0*3,0*66,0*53 

Kitten. L. sciatic. 3 li. 

- mortem. Temp. 
= 30®. Primary dimi- 
nution and secondary 
augmentation. 

A‘406 

0*39 ' 

i 

I ; 

0*29 to 0*15 

4 min. 

0*16 to 0*61 

Babbit. B. sciatic. 3 h. 
45 m. post - mortem. 
Temp. 22° 0. As 202. 
MarlEed secondary aug- 
mentation. 4. 

A^405 

: 0*70 

0 *56 to 0 *3 

5 min. 

0*35 to 0*97 

Babbit. L. sciatic. 1 h, 
10 m. post - mortem. 
As 406. 


0*32 

0*3,0*42,0*29 
6 min. 

0*64 to 0*33 

Pigeon. L. sciatic. 3 h. 
post - mortem. Temp. 

= 87° 0. 


Tetanisation. 


A4 409 

2*5 

Tet. 5 min. 

2*4 

Babbit. Branch of B. 
ant. crural. Temp. = 
27°*5. 1 h. post-mor- 

tem. 

A' 410 

2*3 

Tet. 6 min. 

1*8 

Babbit. Bo., do. L. 
Temp. = 21°-5. 

A" 407 

0*90 

Tet. 5 min. 

0 *85 to 0 *96 

Rabbit. L. .sciatic. 

Temp. = 20°. 

A‘ 411 

0*86 

Tet. 5 min. 

0*92 

Babbit. R. sciatic. 

Temp. = 27°. JP/67. 5. 
jjfoie. — 0 *0005 Tolt corn- 
pens. sent in after Tet. 

2 h. 30 m.post-morimn. 

423 

0*26 

Tet 6 min. 

0 *26 to 0 *19 

1 

Kitten. L. ulnar. Temp. 

1 « 36°*5 0. 3 h. post- 

mortem. 


The values are taken from photographs. The action of these drugs 
on the nerves of warm-blooded animals is very similar to their effect 
on the nerves of the frog. Chloroform, ether, and carbon dioxide all 
produce diminution of the negative variation, followed by recovery in 
the ease of the latter, with recovery or not in the case of OHCI3, and 
the details of the process are clearly to be seen in figs. 

The only difference that may be detected is that while in the frog 
the negative variation is increased by “ little ” CHCI3 or EtaO, and 
the abolition by “much” CHCI3 and Et^O is commonly followed by 
recovery to or beyond the normal; this increase has only been 
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observed in the bird (Experiment B’) and not in the mammal. In 
the case of C0._> this increase is seen in all the warm-blooded nerves ; 
primary and secondary augmentation are shown in Exp. from 
the pigeon, and the latter, in fig. 4, from the rabbit. 

I do not here enter upon any discussion of the actual mechanism of 
this increase, it may be due to either of two causes — increase of 
E.M.F. or increased duration of electromotive change. The latter 
exidanation has been suggested by Gotch as being the true one. 

The effect of tetanisation (fig. 5) has not been marked. Three 
exj^eriments proved negative, and two gave a slight increase, so that 
this question is still undecided.. 

It appears, therefore, certain that neither in the voltage of the 
negative variation, in the strength of excitation, or in the action of 
anaesthetics is there any marked difference between the warm-blooded 
and amphibian nerves, and that all the facts ascertained for the latter 
under these heads can be applied m bloc to the former. 

Temj^eratiire of Extinction bij Meat. 

Three series of experiments on frogs, mammals, and birds were 
undertaken to ascertain the precise point at which the negative varia- 
tion was abolished by heat. 

Meihotl . — The nerve chamber was kept at a constant temperature 
throughout, 30" C. The nerve itself was placed on the electrodes, 
zuid when it had reached the temperature of the chamber, the value of 
0*001 volt was determined on the galvanometer scale, and then the 
values of the first six negative variations. The nerve was then 
removed, placed in 1*05 per cent. NaCl solution (containing Ca 
salts, &c.) at the desired high temperature {e.g., 49“ C.), left for exactly 
5 minutes, placed in cool (18" C.) salt solution for 7 minutes. A 
fresh transverse section was made, the nerve was replaced on the 
electrodes, and the value of 0*001 volt and the second set of six nega- 
tive variations determined. 

This method fulfils several dedderatu. 

(1.) It is possible to keep the beaker of hot saline solution at any 
given temperature with an error of less than ± 0*1" C. 

A standardised thermometer was placed in the bath close to the 
nerve, and with 5 minutes immersion all parts of the nerve reach the 
temperature of the solution. 

(2.) Any alteration in the resistance of the nerve is readily detected 
by means of the standard deflection with 0*001 volt, and as both 
readings are taken at the same temperature, this alteration must be a 
permanent one, and not the temporary alteration always seen when a 
nerve is heated or cooled. 

(3.) Using a concentration of salt solution* that had been found to 

^ No carbohydrate was added to tlie solution in any of the heat experiments, 
ffhe solution was neutral. 

VOL. LXXI. 
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work equally well with all classes of nerve, and carefully preserving 
similar conditions of experiment, the results in the diherent series 
are strictly comparable not only with each other, but also with Halli- 
burton’s*^ researches on the heat-coagulation of the nerve proteids. 

The excitation was a maximal one throughout. 

Series I. 

A. AYith Laboratory Frogs. 

B. With freshly-caught vigorous Frogs. 

Sciatic nerve. Excitation 30, except in A®. 


Experi- 

ment 

Ho. 

Hours 

post- 

mortem. 

Temp, 
of nerve 
cham- 
ber. 

Temp, 
of hot 
bath. 

Heg.var. 
initial 
= a. 
0-001 V. 

Ne§. var. 
final 
- h. 

Irrita- 

bility 

qxiotient 

a ' 

Kotos. 


b. m. 

1 0 

room 

o 

43*5 

1-0 

0 

0 

1 

Af 

2 7 

3) 

40*7 

0*8 

0 

0 

1 


6 0 


40 *0 

1*2 

0 

0 

i-A. 


5 30 

93 

39 *0 

1*8 

0*56 

0*31 

1 

Aff 

2 30 

33 

38 *5 

1 *7 

1*7 

1*0 

J 

A® 

6 0 

17° C. 

42*1 

2*5 

0 

0 

1 

A^ 

2 40 


42*0 i 

2*3 

0 

0 

U, 

Ay 

3 30 


41*1 1 

1-8 

0-01 

0-51 

A^ 

2 0 

15° C, 

40*0 ' 

*•7 

3-0 

1*7 

J 


Series II.- 

Babbit. Sciatic. Excitation 1000 for first three experiments, 
last four, 500. 


Experi- 

ment 

Ko. 

Hours 

post- 

mortem. 

Temp, 
of nerve 
cham- 
ber. 

Temp, 
of hot 
bath. 

Keg. var. 
initial 
= a, 

0 *001 V. 

Keg. var. 
final 
=* h. 

Irrita- 

bility 

quotient 

b 

a* 

Kofes. 


li. m. 







fifa 

, fi 30 

33°0 

48'’*5 

0*53 

0-12? 

0*22? 

Doubtful re- 

3ca 

1 3 30 

29*0 

48*0 

1 0*57 

0 

0 1 

turn. 


j 5 30 

I 30*0 

47*7 

I 0*83 

0'25 

0*30 


A“ 

1 4 0 

20*5 

46*0 

1*1 

0-45 

0*41 


Ap 

; 6 35 

i 21*0 

44*3 

0*52 

0-34 

0*65 


A® 

5 0 

19*0 

42*3 

0*48 

0-52 

1*1 


A^ 

2 45 

19 *0 

39*5 

0*76 

0-69 

0-91 

# 



* Halliburton. “ Croonian Lecture,” 1891, and below. 
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Series III. 

Pigeon. Experiments B" and Sciatic, all tlie rest Median. 


Experi- 

ment 

Hours 

post- 

Temp, 
of nerve 

Temp, 
of hot 

Neg. yar. 
initial 

Neg-yar. 

final 

Irrita- 

bility 

quotient 

Notes. 

Xo. 

mortem. 

her. 



bath. 

0 *001 T. 

- 5 . 

_ b 

a’ 



h- m. 








3 15 

28 

53 *6 

0*30 

0 

0 

Cold bath accidentally omit- 







' 

ted. The nerve was much 








conti-acted longitudinally 
i after heating. 

Cfc 

i 4 0 

1 30 

i 53-0 

0*75 

0 

0 ; 

Nerve contracted. No “ ne- 





i 
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The experiments can be summarised thus : — 



Normal temp, 
of animal. 

Temp, of incr. 
neg. var. 

Temp of dim. 
neg. var. 

Temp, of abol- 
ished neg. var. 

Frog 

— 

39— 40“0. 

39-41° 

40—42° 

Babbit 

87—41“* 

42-3“ 

44*3 — i7*7® 1 

48—49“ 

Pigeon 

40—42 *54 

i 

i 45-3“ 

50° ! 

! 

52—58“ 


It is seen that the effect of heat occurs in three stages. In the first, 
at a temperature of 1 — 2" above that of the animal, the negative 
variation is increased. In the second there is diminution, recovered 
from at the lower temperatures (4° over normal) if the nerve is cooled 
longer than the standard time, not recovered from at the higher {6 — T 
over normal), and finally the negative variation is permanently 
abolished, 8° over normal in the rabbit, 10** in the pigeon. 

While the mammalian and avian nerves show quite small individual 

* Pembrey (Schafer’s ‘ Text-book,’ voL 1, p. 790). The higher limit for the 
rabbit is from unpublished obseryations of Dr. Pembrey, which he has Terr kindly 
famished me for this paper* 

t Gorin and Yan Beneden, * Arch, de Biol.,* G-and., 1887, toI. 7, p. 265. 

X 2 
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flifferences in different animals as regards their reaction to heat, the 
frog’s nerve varies a little according to the condition of the 
and so the observations have been arranged in two divisions. Here 
one also notices that the “injury range ” is very much smaller than in 
the warm-blooded nerve, 2° at most separating a temperature that 

has no ill effect for one that finally kills the nerve, as against 5 6° in 

the mammal and bird. 


Obsermtions. 


A summary of the previous work on the effect of temperature on 
nerves is to he found in Howell’s* paper, and in that of Boycott 
(loc. eit.). 

Howell, from his own researches, gives 41—44° as the temperature 
at which conductivity is abolished in frog’s nerve, the other authors 
give 45—50°. The difference appears to he due to the methods em- 
ployed. Hitherto, there has been some difficulty in ensuring that all 
parts of the nerve shall have the same temperature, and this tem- 
perature has in most cases been ascertained indirectly, further, the 
time during which the temperature is kept up and the conditions of 
moisture, &c., greatly influence the results.! 

Another explanation is possible. The majority of observers^ have 
examined the conductivity of nerve as opposed to the excitability, and 
if the two processes afe- supposed to be distinct, it might be said that 
the excitability was extinguished before the conductivity. In \dew of 
the considerations stated above, and also of the relation to the coagu- 
lation point of the proteids, this hypothesis does not seem to be well 
founded. 

The relationship of the extinction point given above and the coagu- 
lation point of the proteids in the body of the animal is a very close 
one. ■ In the frog, the first coagulation of extracted muscle proteid 

“ ^eat rigor of the muscle itself at 
38^0 ,11 the electrotonic currents are abolished at 40°,** and the 
extinction point of the nerves as determined above, 40 42° 0. 

In the rabbit the proteid coagulation occurs at 47°,|| the muscle 

• Howell, Budgett and Leonard, “ J. Physiol.,’ toI. 16 p 298 

>“■> “p- 


1887, p. 18(45-48" 

S Moriggia, Moleschott’s tTntersuohungen,’ vol. 14, p. 882 (46—47°) 

J Halhburton, he. cit.; also Halliburton and Mott, ‘Archives of 


II Von Fiirth, ‘Arch. f. Eiper. Path, u Pharmab ’ laoe i 

p. 231, and ibii., vol. 37, 1896, p. 389. 

T ’^ob 36, p. 446; see also Brodie and 

21, 1897, p. 35.3, and «Pl,ll. Trans.,’ B voL 
^ ff’ Sr ‘ ^bysiol.,’ vol. 24, p. 239. ’ 

Waller, ^ Eoy. Soc. Proc./ vol, 60, p. 384;. 
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rigor at 45 — 50'’Cj*’ and the nerves die at 48 — 49°. The proteids of 
the cat^s brain coagulate at 47° O.f No data for the bird are available,! 
the nerves die at 53°. 


In table form. 



Frog. 

Mammal. 

Bird. 

Muscle proteid (Halliburton and von Furth) 

40° 

47° 



Muscle rigor (Yincent and Lewis) 

38—40° 

45—48° 

— 

Nerve proteid (Halliburton) 

— 

47° 

— 

Nerve electrotonic currents (Waller) 

40° 

— 

— 

1 Nerve (present experiments) 

40—42° 

48—49° 

53° 


It is reasonable to conclude from these figures that the extinction 
of the irritability of the nerve is due to the coagulation of the proteids 
'which enter into its composition, and I venture to forecast, that when 
the proteids of the frog’s nervous system are examined one will be 
found to coagulate at 40°, and that the two proteids coagulating at 
40° and 47° are absent from the nerves of the bird. It is possible, 
therefore, to make a nearer approach to the analysis of actually living 
nerve substance than has been practicable hitherto. 

Temperature of Extinction hj ColtL 

3Iethod . — Alongside the nei've in the nerve-chamber, was placed a 
junction (A) of konstantan and iron wire, and the nerve was 
arranged so as to touch this. The junctions konstantan copper (B) 
and iron-copper (C) were placed in glass tubes and immersed in water 
at room-temperature, the two copper terminals led to a key-board, 
with connections to a sensitive Kelvin-type galvanometer of low 
resistance (16 ohms), and a compensating circuit arranged as shown. 
The wire rheochord marked 1 ohm was of the ordinary du Bois- 
Eeymond type, and with the voltage and added resistance as marked 
1° difference between the junction A, and B C, was represented by 
about thirty-five scale divisions. The compensating current was 
furnished from an accumulator of large capacity. It was found after 
careful tests that no perceptible alteration (within 0*05°) of the 

* Yincent and Lewis, ‘ J. Physiol.,’ vol. 36, p. 445 ; see also Brodie and 
Richardson, ‘ J. Physiol.,’ vol. 21, 1897, p. 333, and ‘ Phil. Trans.,’ B, toI. 191, 
1899, p. 127 ; and also Yernon, ‘ J. Physiol.,’ vol. 24, p. 239. 

t Halhhurton, loe. eft.; also Halliburton and Mott, ‘Archives of Neurology,” 
vol. 2. 

J Demant, ‘Zeitschr. f. PhysioL Chemie,’ vol. 3, p. 241, and Kmhne and 
Chittenden, ‘ Zeitschr. f, Biol.,’ N. P,, vol. 7, p. 358, 1889, have made some observa- 
tions on this point, but I have been unable to consult the papers. 
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temperature of the fixed junction took place, if it did, a correction 
could be readily applied to the figures obtained. To guard against 
current escape from one circuit to another all the wires leading to the 
nerve chamber were placed within rubber tubing, and the konstantan- 
iron junction (A) was coated with rubber “ tyre-repairing ” solution, 
which on drying left a thin and even coat of rubber on the surface, 
insulating it from any nerve currents and from any possible mutual 
action from or to the nerve. It was found by experiment that no such 
action occurred. 



To graduate the instrument the junction A was placed in melting 
ice, the thermo-current compensated till the galvanometer spot stood 
at zero, and the compensator scale read off. This was repeated with 
hot water when it was desired to use a temperature higher 
than the constant of B C. This graduation was performed as a 
matter of precaution at the commencement of each day’s experiments. 
The whole apparatus proved simple and convenient to use, and of 
an accuracy much in excess of what proved necessary in these 
experiments. And as the junction A actually touches the nerve, there 
can be no doubt that the actual temperature of the latter is observed. 
The readings are given to 0*1°C. The nerve chamber was cooled by 
being placed in a tin box, outside which was a layer of ice and salt, 


Experiments. 
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* Dr. Pembrey very kir.dly furnished me wit-li these animals in a state of hibernation. 



280 Dr. N. H,. Alcock. Oqi the Negaihe Vaviation [Jun. 17, 

using the same apparatus that Waller* employed in his researclies of 
the effect of temperature on the electrotonic current of frog’s nerve. 

The negative variation was observed in the way before mentioned. 
The value of the galvanometer deflection was ascertained by taking 
the scale value of 1 millivolt at intervals. It was found, as is well 
known, that the resistance of the nerve and electrodes gradually 
increased as the temperature was lowered, and this causes a small 
error in the strength of excitation, though this was annulled as 
far as possible by an added resistance of 100,000 ohms in the exciting 
circuit. 

Comments. 

The limits determined are for the temporary abolition of the 
negative variation, not for its permanent al^olition. There is a 
gradual rise of the extinction point through the four classes of amphi- 
bians, hibernating mammals, mammals and birds. The limit varies a 
little in each experiment in a manner that is not accounted for by 
either the apparent condition of the nerve or by its anatomical characteiv 
That some variation was to be expected was clear from the researches 
of Howell, t who found that the vaso-constrictor fibres in the cat’s 
sciatic were paralysed by cold ( -h 4'" 0. g.p.), while the vaso-dilatator 
fibres were paralysed V lower, and even greater differences were 
observed between the cardiac and respiratory fibres in the vagus. 

Taking the experiments as they stand, it is evident that those upon 
which most reliance can be placed, are where the nerve has reached 
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Fio. Exp. Value of the negative variation in nerve of hedgehog at 
different temperatures. 


* Waller, *Proc. Physiol. Soc.’ in ‘ J. Physiol.,* vol. 20. 
+ Howell, loc.eit. 
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the lowest point before extinction of the negative variation took place, 
and both the frog and hedgehog agree in giving a measurable response 
below 0% In experiment B on the frog the negative variation 
reached a maximum at +3°’8 C. In the expen'ment on the 


hedgehog an exactly similar maximum was observed at +7®*9 C., and 


plotting out the “ cooling ” and “ warming ” 
curves the latter gave also a maximum at 
the same point (fig. 7). 

No such maximum was certainly observed 
in the mammal or pigeon. There were 
traces of ^a maximum at 25° C. in the 
former (in experiment and an earlier 
experiment on the kitten not recorded 
above), but the experiments C^, 
showed no sign of this. Several explana- 
tions are possible, but it seems preferable to 
await the result of further experiments 
before insisting too strongly on any of them. 
One, however, seems well established, that 
the negative variation follows the tempera- 
ture with a certain “ lag.” This is seen to 
a small extent in the nerve of the hedgehog 
(fig. 7), in the rabbit and bird it is larger 
in amount, and tends to obscime curves taken 
in this way. 

I have not yet determined the 
extinction point, recovery took place in 
experiment B^ in the frog after a tempera- 
ture of - 3°*5 C. had been reached, and in 
Experiment B'^^ on the rabbit ( - 2°*5), expe- 
riments are in progress in this direction. 

The range of temperature through which 
the nerve can function is obtained by com- 
bining the figures here observed with those 
of the former series, and it is found that this 
range is the same for all the nei'ves examined, 
45°-5 for the frog, 45°*2 for the rabbit, and 
46“ T for the pigeon, one step higher in the 
temperature scale in each case (Fig. 8). 

Gonchision. 

(1.) It is possible to examine isolated 
mammalian and avian nerves under the same 



conditions as frog’s nerves. 


Tio. 8. 
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(2.) There is no essential difference between the nerves of frogs, 
mammals, and birds as regards their negative variation, excitability, 
and reaction to anaesthetics. 

(3.) There is a marked difference in the extinction point for heat. 
The negative variation in frog’s nerve is abolished at 40 — 42” C., in 
rabbit’s nerve at 48—49”, in pigeon’s nerve at 53”. 

(4.) This extinction point corresponds closely with the first coagula- 
tion point of the body proteids, where these are known, and thus 
coagulation is probably the cause of the j)ermanent loss of irritability 
of the nerve. 

(5.) The point at which the nerves are paralysed by cold is - 3“ *5 
in the frog, - 1”‘4 in the hedgehog, 4- 3°*8 in the rabbit, and + 6”*9 in 
the pigeon. 

It gives me great pleasure to acknowledge my indebtedness to 
Dr, A. D. Waller for his great kindness and assistance in everything 
connected with this paper. 


On the Decline of the Injury Current in Mamnialiau Nerve, and 
its Modification by Changes of Temperature. Preliminary 
Note.” By S. G. M. Sowton and J. S. Macdonald. (Prom 
the Thompson-Yates Laboratory of Physiology, University 
College, Liverpool.) Communicated by Professor C. S. 
Sheerington, P.R.S. Eeceived December 10, 1902, — Eead 
February 12, 1903. 

The sciatic nerve of a freshly-killed frog led off from transverse 
section and longitudinal surface to a galvanometer, gives a current of 
injury which, as Engelmann* and others have pointed out, is greatest 
immediately after the section has been made. If tested at frequent 
intervals, it is foxmd that from the outset the E.M.P, rapidly 
diminishes. A continuous record of the decline of the current may 
be obtained, by photographing the movement of the galvanometer 
spot, using for the purpose the method devised by Dr. Waller, and 
fully described in his papers.t The nerve with its electrodes being 
inclosed in a moist chamber, such an observation may be prolonged 
almost indefinitely. The curve is convex to its abscissa, the decline 
being rapid at first and gradually diminishing in speed. 

If the injury current of fresh mammalian nerve be examined in 
a similar way, the records show in many cases a marked difference 
of curve, the decline being often very gradual; some records even 

* Engelmann, ‘ Pfliiger's Arehiv,’ vol. 15, pp. 3 16 — 148. 
t S. C. M. Sowton, * International •Congress,’ Cambridge, 1898. 
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-exhibiting an actual rise, so that the highest value of the injury 
current is only attained when the nerve has lain for some time upon 
the electrodes. Several observers* have noted the initial rise, and 
explanations have been offered w’hieh accord with the generally held 
** alteration ” theory of the nerve current. In face, however, of facts 
recently brought forward in a series of papers by one of us,t it is 
difficult to accept the prevailing theory as satisfactory. The attempt 
was therefore made to study this particular phase of the injury 
current from the point of view set forth in the papers alluded to. 
That view, which may be called the ‘‘ concentration cell ” theory of 
the injury current, is based upon the hypothesis of the core-model 
.structure of nerve, J and lays stress on certain pre-existing peculiarities 
of constitution. These may briefly be described as {a) a separation of 
the solutions of electrolytes of the nerve into internal and external 
.solutions by a membrane which permits only imperfect diffusion to 
take place between them ; (&) a difference in the quantitative distribu- 
tion of electrolytes in the solutions, the internal one being of small 
volume, but of great concentration and high specific conductivity. 

. Such a difference between the solutions must give rise on^ rupture of 
the membrane, as by section or other injury, to diffusion processes, 

. and consequently to differences of potential. 

If such electrical differences as are found in the phenomenon of the 
injury current arise from the source indicated, they should be capable 
-of modification in just the same manner that a process of diffusion can 
be modified. The value of a diflPusion process depends primarily upon 
the concentration ratio of the two solutions in contact, and may be 
increased by diluting the weaker solution. In the experiments already 
reported upon,§ the extreme case of this dilution was exemplified by 
immersing the nerve for a short time in water; the result was an 
increase of the injury current due to the enhanced value of the diffu- 
sion process. 

In relation to the experiments recorded here, it may be said that the 
temperature of the solutions, or the fact of any difference of tempera- 
ture existing between them, is hardly less important than the concen- 
tration. In frog’s nerve, the solutions are already approximately at 
the temperature of the laboratory. But with mammalian nerve the 
case is very different. Eemoved immediately after death, such a 
nerve has a temperature presumably not far removed from that of the 

* Waller, “ Croonian Lecture,” * Phil. Trans.,’ London, 1896. 

t J. S. Macdonald, “ The Source of the Demarcation Current considered as a 
Concentration Cell,” ' Proc. Poy. Soc.,’ toI. 67, p. 315, &c., 1900, &c. ; “ The Injury 
•Current of Nerve. The Key to its Physical Structure,” ‘The Thompson Yates 
Laboratories’ Eeports,* vol. 4, jiart 2, 1902, pp. 213 — 350. 

X G-riinhagen, ‘ Konigsberger Med. Jahrb.,’ vol. 4, p. 199; Strong, ‘Journal of 
Physiology,’ vol. 25, p. 427 ; Boruttau, * Pflxiger’s Archiv,’ vol, 63, p. 154, &c., &c. 

§ J. S. Macdonald, ‘ The Thompson Yates Laboratories’ Keport,’ loc. cif. 
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mammalian body. Cooling must, therefore, continue after the nerve has 
reached the electrodes ; and this cooling is not a perfectly simple matter, 
for the fatty sheath of the nerve is not only, probably, a bad conductor of 
electricity, but also undoubtedly an indifferent conductor of heat,, 
we should expect, therefore, the cooling process to be differential, 
the temperature of the external solution falling sooner than that 
of the internal solution or axis cylinder; and since cooling is 
in a manner equivalent to dilution, the concentration ratio of the 
two solutions, should be at first increased, and with it the value 
of the E.M.F. 

The theory then affords an explanation of the increase observed 
when a nerve just out of the body is examined at a lower tempera- 
ture. It remained to further exemplify this fact by attempting to 
reproduce the phenomenon at will. An experiment was so arranged 
that the proper temperature of the nerve was artificially maintained, 
and then at a given moment allowed to fall gradually. The resulting 
curve shows that at or near body temperature the injury current 
declined rapidly ; in this particular case it fell in half-an-hour 44 per 
cent, of its original value. In the second portion of the record 
during the. penocl of cooling^ the rapid fall was arrested, there was a 
period of hesitation, and then a slow I'ise of the current. On the 
temperature being again raised, the current resumed its rapid decline. 
In such an experiment the alteration of condition obtained by fall of 
temperature is comparable to that produced by dilution of the 
external solution, and the results are in complete agreement. 

It is not surprising that to obtain such an initial rise it is necessary 
forestrain the fall of temperature within certain limits, outside of which the 
effect is masked by a more powerful factor working in the direc- 
tion of diminution. Where, for example, a nerve fresh from the 
body is transferred to a temperature of O'* 0., there is no initial 
increase; for here the difference of temperature between nerve and 
surroundings being great, the rate of cooling will be rapid, and 
internal solution as well as external will be quickly affected, 
and to cool the internal solution is equivalent to diminishing its con- 
centration and hence to a lowering in value of the diffusion process. 

Extrerne cooling should, imleed, annul the production of the injury 
current, by arresting the processes of diffusion upon which its mani- 
festation depends. Yet, in a cooled nerve, the source of the pheno- 
mena, the concentration ratio, is preserved, and a raising of the tem- 
perature ought again to develop the injury current. This expectation 
is fulfilled experimentally. At , a temperature near 0° 0. the current 
declined rapidly, but it regained its value to a great extent as the tem- 
perature was increased. With a nerve maintained at body tempera- 
ture the injury current fell rapidly. A high temperature favours 
^diffusion {Le,, the equalising of the solutions), and the phenomenon 
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is reduced by exhausting the value of the source. A low tempera- 
ture reduces' the value of the injury current by checking the process 
upon "vi^hich it depends. Both extremes, then, reduce the value of the 
current, but by quite different means. This being so, therd will be a 
mean temperature around which these two effects are balanced; at 
which the value of the source decreases less rapidly than at the higher 
temperature, and the value of the diffusion process is greater than at 
the lower temperature, at which, therefore, the injury E.M.F. is 
best maintained. This consideration led to the systematic study of 
the injury current at different steady temperatures, and the sought-for 
point of best maintained E.M.F- was found to lie between 14'’ and 
J9“ C. 

In the experiments hitherto considered, we have dealt with emrent, 
no allowance being made for changes of resistance brought about by 
altered temperature. The error, in some eases, was of no great 
moment, in others, those, namel}^ where a lowering of temperature 
gave an increased injury current ; a correction for altered resistance 
would but have accentuated the point it was sought to establish. 
But there are instances in which the error might be serious — and it 
seemed, therefore, desirable throughout the inquiry to supplement 
the photographic records by a series of observations, in which 
measurements of potential by compensation should be taken at 
frequent intervals. Such measurements have been undertaken by us, 
and completely confirm the statements made above. 


"‘On the Formation of Definite Figures by the Deposition of 
Dust.’' By W. J. Eussell, Ph.D., F.E.S. Eeceived January 
29, — Bead February 19, 1903. 

(Abstract.) 

The author shows that when a plate of glass or other material is 
slightly warmed and allowed to cool for 6 or 7 minutes in a dust- 
laden atmosphere, a clear and definite figure is formed on the plate. 
The figure is determined by the form of the plate on which it is 
deposited. If a square plate is used then a simple cross is formed, 
a ray of deposit proceeds from each corner of the plate to the centi’e. 
If the plate be triangular, a ray again proceeds from each corner ; and 
with an octangular plate an eight-ra 3 "ed star is formed. In every case the 
number and position of the angles of the plate determine the form of 
the figure. The dust generall}" used was that produced by burning 
magnesium ribbon, but any fine dust acts in the same way and 
produces the same figures. 
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With regard to the plate on which the figure is deposited, its com- 
position is not of importance except as a back ground for the dust. 
A glass plate for many reasons is best, but the figures form with equal 






certainty and sharpness on one of copper, or mercury, or ebonite, or 
India-rubber, or card-board, &e. In order to heat the plate it may be 
passed several times over the flame of a lamp, warming it iis uniformly 
as possible, and, if it be a glass plate, until the moistixre condensed on 
the under side has disappeared ; or the plate may be heated by laying 
it on a copper plate heated to about 120“C. for 30 minutes, or it 
may simply be warmed in an air or water bath. The plate is best 
supported on three pieces of wire about 1^ inches long, and a receiver 
filled with the dust, inverted over it and allowed to remain there for 
6 or 7 minutes. 

In order to obtain symmetrical figures the plate on which they 
are deposited must be perfectly horizontal, and as they are very 
sensitive to heat, there must be no unequal heating either of the plate 
or the surrounding atmosphere while the deposition is taking place. 

As long as the plate and the surrounding atmosphere are nearly of 
the same temperature only very imperfect figures form, but as the tem- 
perature rises a more and more nearly perfect figure appears. If the 
plate be above 17% indications of pictures are produced when the plate 
is at a slightly lower temperature than the surrounding atmosphere, bixt 
when the difference is 6® or more, these indications cease altogether. 
¥ery good pictures are produced by having the plate at 12” or more 
degrees above the dust-laden air, and even when ihe plate is 100” or 
120” above the air, distinct but thin pictures are produced. The 
effect of a slight heat below the plate, while the deposit is taking 
place, is shown to thicken the figure, and distort it in a curious manner 
and is illustrated by photographs. Also the effect of radiant heat on 
these figures is shown by the action of a Bunsen burner at distances of 
|12 and 26 inches, and of other sources of heat at considerable 
distances from the plate. Some singular and complicated effects are 
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prodvxcecl by placing a source of heat above the plate instead of below 
it. A large number of experiments are also recorded and illustrated 
showing the effect which different bodies in the immediate neighbour- 
hood of the plate have on the figures which are formed. Taking only 
one case, that of a pin. When it is placed in contact and at right 
angles to the plate a definite deposit is produced, and this varies as 
the pin is moved further and further away, and as it is placed either 
on a level with plate, or above or below it. Even when the pin is 
6 mm. below the level of the plate, and 2 mm. away from it, a distinct 
effect is produced. Again, these dust currents may be influenced in 
a remarkable way by suspending glasses of different sizes, and at 
different heights above the plate on which the figures are depositing, 
and photographs of the figixres produced are given. The effects pro- 
duced by obstrxxctions of different sizes laid on different parts of the 
plate are also shown. 

It was also found that a curi'ent of dxxst drawn through a tube will 
form a characteristic figxxre on a plate, which need not be warmed, as 
it passes over it. 

If the magnesia dust be allowed to settle on a sixrface of water^ 
about the temperatixre of 17’’ G. or, on water containing a very small 
amount of alcohol or glycerine, the deposit which forms on the 
surface breaks up, by the powder sinking, into a figure of cellular 
form. 

Magnesia dust, which was generally used, undergoes some strange 
changes. When first deposited it is removed by the slightest touch, 
but if the plate be kept for a week or fortnight it may then be softly 
brushed over without damage to the figure. Another change which this 
powder undergoes is shown by collecting it immediately it forms, and 
examining it under a microscope, when it will be found to consist of 
irregular shaped and separate particles, but if the collection of the 
dust be made a few minutes after its formation, it is then seen that 
the particles are strung together, forming small and irregular fibres. 
In the various figixres that have been produced the magnesia seems to 
have assumed this form. 
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‘‘Mathematical Contributions to the Theory of Evolution. — O ji 
H oniotyposis in Homologous but Differentiated Organs.” l>y 
Kabl Peausox, E.E.S., University College, London. Pie- 
ceived January 20, — Eeacl February 19, 1903. 

(1.) In the pajDer on “ Honiotyposis in the Vegetable Kingdom,”* I 
defined homotypes as “ undifferentiated like organs.” In the course 
of that paper, I endeavoured to indicate that I was not unconscious 
of the influence of age, local environment, and position upon organism 
in modifying homotypic correlation. The object of my memoir, how- 
ever, was to obtain some general appreciation of the average intensity 
of individuality in living forms, and to see if it approached the average 
value of fraternal heredity in plant or animal life. For this purpose 
I selected such material as was readily available, indicating the series 
where I thought differentiation of a sensible amount was present owing 
to the age, the situation, or the emdronment factors. 

From the standpoint of theory, however, we are not compelled to 
adopt a mere indication of this kind. As soon as we can correlate 
between ; {a) age and the quantitative character of the homologous 
organs, (h) situation on the organism and this same character, or (c) 
local environment and the character, we can allow for the differentiation 
of homologous parts, or ‘reduce them to pure homotypes. In other 
words, homotyposis can be deduced from differentiated homologous 
parts, if we correct for the differentiation due to («), {h) or (c). The 
test for the existence of such differentiation is simply the presence or 
absence of the corresponding correlation. 

We have accordingly the following problems to find solutions for : — 
(i.) To find the correction to be made to the apparent homotypic 
correlation, when the pairs of homologous parts are differentiated from 
each other by theii* periods of growth. 

(ii.) To find the correction to he made to the apparent homotypic 
correlation, when each pair of homotypes is differentiated by a common 
period of growth from other pairs of homotypes. 

(hi.) To find the correction to be made to the apparent homotypic 
correlation when the pairs of homologous parts are differentiated from 
each other by situation on the organism. 

(iv.) To find the eorrection to be made to the apparent homotypic 
correlation when each pair of homotypes is differentiated by the 
environment of its organism from other pairs of homotypes. 

It wall be seen that in problems (ii) and (iv) we . are dealing with 
true homotypes, but that the homotypic factor requires modifying for 
the influence of age or environment on the organism. In (i) and (iii) 

* ‘ Phil, Tmns.,’ A, yol. 197, pp. 28o— 379. 
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we are not dealing with homotypes at all, but with homologous parts, 
and we wish to reduce them to homotypes by correcting for differ- 
ences between them due to growth or to situation on the organism. 

I propose at present to deal only with problems (i) to (hi), not 
because (iv) does not admit of theoretical treatment, but because we 
have not thus far obtained data to illustrate satisfactorily the correlation 
between character and the immediate environment of the individual 
organism. Experimental determinations of homotyposis in plants, 
when the individuals are subjected to a graduated environmental 
scale, 5.^., in depth of soil or quantity of moisture allowed would be 
fairly easy to carry out, and most interesting in result. I hope it may 
be possible to arrange experiments of this kind for the coming sum- 
mer. We can then illustrate the fourth proposition from actual obser- 
vation, and the publication of its theoretical solution will be of greater 
value. 

(2.) To find the correction to he mode to the apparent homotypic correla- 
tion when the pair of homologous parts are differentiated from each other 
by their periods of growth. 

Let X and y denote the characters in the two homologous parts 
quantitatively determined, and li their respective periods of growth. 
Then we have four variable quantities a;, y, ti, t^, no one of which 
fixes absolutely any other, for individuals will have different charac- 
ters even with the same period of growth. The proposition accord- 
ingly reduces to this : What is the correlation E between x and y for 
constant values of the variables, i.e,, selected values of, ti and t^ ? 

This problem is answered in formxzlae (Iviii), (lix) and (lx) of my 
memoir : “ On the Influence of Natural Selection on the Variability 
and Correlation of Organs.”* 

Let us write in those formulae h for the subscript 1, t^ for 2, x for 3, 
and 2 / for 4 ; we have at once 





^ o _ 9 f "" ryt^ r-yt^ 




2jj;2yE — or^y 






(iff). 


Now if we deal with direct and not cross-homotyposis, i.e,y with the 
correlaticm of the same character in two homologous parts, we can put 
these results more simply. We in this case render our correlation 
tables symmetrical by entering each one of a pair of homologues first 
as an x and then as a y. We may then write 


VOL. LXXI. 


* ‘ PMl. Trans./ A, vol. 200, p 30. 
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and we find 


= r,jt, = r, = r , 

Txij == /), O* = CTa; = (Tj^, 


V 2 _ V 2 

— ^7J 


,1 -r^-r^-r'^-h2rrr' 


l-r2 


1R> = p 


l-r2 


2r/ -r(r2 + r'2) 


1 -r2-r2-r'2 4-2rn*' 1 - ~ _ /2 2rn*' 


,(iv). 


This is the full solution of the first problem. 

We see that in order to solve it, it is necessary : 

(i.) To find the correlation p of the homologous pairs as if they 
were simple homotypes. 

(ii.) To find the correlation r between the growth periods of each 
pair of homotypes. 

(iii.) To find the correlation r between the character and the period 
of growth. 

(iv.) To find the correlation / between the character of one homo- 
type and the period of growth of its fellow. 

iN'ow these correlations can be found at once by the usual statistical 
processes, if the data are forthcoming. 

(3.) I propose to illustrate this on material, which, although not 
homotypic, is so analogous that it brings out all the important features. 

We will determine the correlation between the head-length of 
brothers, such length being measured on school boys of all ages, from 
4 to 19.* It will be clear that we have here all the difficulties of the 
homotypic problem — resemblance due to- common origin obscured by 
differences in the period of growth of each individual. 

Table I gives the correlation of pairs of brothers without regard to 
their differences of age. 

Table II gives the correlation between age and length of head in 
the same individual. 

Tables IIIa and Ills gives the correlation between the age of one 
brother, and the length of head of the second. 

Table IV gives the correlation between the ages of pairs of brothers. 

These tables have been prepared by taking off from the brother- 
brother data papers of my school measurement records all the avail- 
able pairs of cases falling into each series. Thus in some cases the 
ages of both brothers were given, but not the head measurement of 
one or other ; in other cases the head measurements of both, but the 
age of one or other would fail, or again the age of one and the head 
measurement of the other might be all the information available. 
Thus the total number of cases and the frequency distribution varies 
slightly from one table to a second. 

* The measxirements form part of the material obtained with the assistance of 
a grant from the Royal Society G-overnment Grant Committee. 
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A few remarks must be made on these tables. 

Table I gives the following values of the constants : — 

Mean length of head of elder brother = 186*7508 in mm. 

„ „ younger „ = 183*8296 „ 

Standard deviation of elder brother = 7*5027 „ 

„ „ younger „ = 7*3536 „ 

The correlation is, then, found to be 0*601,751,* and the regression, 
younger on elder brother, 0*5897. These give the intensity of heredity, 
uncorrected, for the growth factor. 

Now, the most noteworthy part of this result is, as we shall see later, 
that taking brothers at different ages tends to exaggerate the apjgarent intensity 
of hei'edity. If we were to take pairs of boys at ages from 4 to 19, each 
pair having no hereditary relationship, but being, on the average, 
within a year or so of the same age, we should find a spurious correlation 
due to the mixture of material, each pair having approximately-like 
head-lengths because the members of it were, approximately, of like 
age. On the other hand, if the boys were blood relations of very 
different ages, their apparent relationship would be weakened, because 
we should be correlating the same organ at different stages of it® 
growth. We have thus two factors : one tending to exaggerate, ancE 
the other to weaken the apparent strength of hereditary resemblance. 
It is of great interest to note that the former factor in the present 
case is the more effective. 

In Table II we have what I term a growth table, Le,, a correlation 
table between period of growth and the quantitative measure of a 
character. The constants of this table are as follows : — 


Mean age of boy = 13*0394 years. 

Standard deviation of age = 2*8207 „ 

Mean head-length = 185*4516 mm. 

Standard deviation of head-length = 7*4991 „ 

Correlation of age and head-length — 0*453,496 


The regression coefficient for head-length on age = 1*205676, and- 
we have the probable head-length Hpfor observed age A given by 

Hp - 169 *7303 +1*2057 A (€.> 

Thus, on the average, boys’ heads grow in length 1*2 mm. a year. 

My results are based on 1637 cases entirely taken off the brother- 
brother data papers. Dr. Alice Lee at an earlier stage also worked out 
a growth table. We had not then so many brother-brother data 
papers filled in. She used in addition aU the brother measurements* 
on the brother-sister papers, and so reached 1856 boys, of which, I 

* Six figures have been kept in the correlation coefiicients, as we require to* 
calculate the regression coefficients from the differences of products and powers. 

Y 2 
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tMnk, we may safely assert that 400 at least are not included in my 
series. She found : Mean age,*^ 12*7177 ; mean head-length, 184*8182 ; 
and slope of regression line, 1*2040, giving the formula 

Hp = 169*5061 -hi -2040 A, 
a result in substantial agreement with mine. 

Diaobam 1. 



In Diagram 1 the formula (c) is represented with the observed 
niean values at each year of life. The results for the 4th, 5th, and 
19th years of life ought not to be considered, for they are based on 
only 2, 10, and 12 observations respectively. It will clearly hardly 
be possible to express the growth curve better than by a straight 

# The mean age is less, because brother-sisters are obtained chiefly from 
primary, not secondary, schools. 
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line, until the range of data is very largely extended. The regres- 
sion is sensibly linear. 

Table IIIa and Table Ills give the following results : — 


M!ean age of elder brother . . == 14 *1249 
S.]>. of elder brother’s age. . = 2 *5124i 
Mean bead -length, younger 

brother =183*8678 

S.D. of head -length, younger 

brother = 7 *2806 

Correlationofageof elder and 
head-length of younger . . = 0 *396,698 


Mean age of younger brother = 11 *7149 
S. B. of yoiinger brother’s age = 2 *7221 

Mean head - length, elder 

brother 186 *6515 

S.D. of head-length, elder 

brother 7 *6005 

Correlation of age of younger 
and head-length of elder . = 0 *379,326 


We see accordingly that within the limits of the probable error, the 
correlation between younger brother’s head-length and eider brother’s 
age is the same as that between elder brother’s head-length and 
younger brother’s age. This result might, to some extent, have been 
anticipated, but actual proof of this type of cross-relation is of value. 
In Table lY we have the correlation between ages of brothers giving 
the constants : — 


Mean age of elder brother = 14*1508 

Mean age of younger brother ......... = 11*7487 

S.D. of elder brother’s age = 2*5080 

S.D. of younger brother’s age = 2*7220 

Correlation of brothers’ ages = 0*884,186 


The first four results are in good agreement with those of Tables. 
IIIa and Ills. The last result shows how nearly there is an approxi- 
mation to a constant difference in age between brothers in schools. 
Very closely we have — 

Probable age of younger brother = 0*96 x (age of elder brother) - 1*83. 

When the elder brother is 6, his younger brother is probably 2*1 years 
younger than he is ; when the elder brother is 12, the younger brother 
is probably 2*3 years younger, and when he is 18, 2*6 years younger. 
The explanation of this is that when the elder brother is very young 
only his near or second brother will, as a rule, be at the same school, 
but in the secondary schools, which he reaches at a much later age, it 
is possible for a much younger brother to be at the same school. 

Now let us substitute the correlation values, found in equations (i) 
to (iii), of page 290. We have 


Txy = 0*601,654, 

= ryt^ = 0*453,496, 
rxtn ~ 0*379,326, 


n,t, = 0*884,186 
Tyt^ = 0*396,598. 
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Whence we find 

^xto-x = 0*890,051, '^yjcTy = 0*891,209, 

and 

E = 0-5446. 

This is a yery reasonable value of fraternal correlation, agreeing 
quite well with results obtained for horse, man and dog. It is worth 
noting that 

X = Tyt^ X = 0 • 4010, 


and, therefore, either equals or Tyt^ fairly closely ; in fact, within 
the probable error of their difference. 

Hence, it would appear highly probable that the cross-relation 
between one brother’s head length and a second brother’s age is solely 
due to the correlation of the ages between the two brothers. 

If such a result as 


^'xti X — * ^'xt^ i^') 

•should be verified on the reduction of further data, it will enable us 
to much simplify our formulae. 

Thus we easily find for this case 


= CT/i; V^l — 


and 




'Ey — cry\/l • 


■ 


E =: ~ 

~ 


Or, we require to find only the uncorrected correlation (/>) the growth 
correlation (r), and the correlation between periods of growth (r). 
The correction to be made to the apparent correlation is then the 
subtraction from it of 

y-(r-p) 

1 — 


I hope shortly to ascertain whether relations like 77 above hold also 
for other head-measurements on growing children. 
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* The group 163 — 3 contains all boys with head-lengths greo ter , than 161 ’6 and less than 163 *6 and so on. When a head-length fell 
exactly on such a value as 183 *5 it was halved between the columns 182 — 3 and 183 — 4. 
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This table contains only fifteen pairs of twins, one pair of brothers having been born within ten months of each other. Any a^e, as 9 means 
all falling within the ninth year, i.e., from the ninth birthday to the day before the tenth birthday, so that two brothers, not twins might 
appear of the same age. * ® 
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(4.) To find the correction to he made to the apparent homotypic ccnrelation, 
when each pair of homotypes is differentiated hy a common period of growth 
from other pairs of homotypes. 

The solution of this problem may be deduced at once from equation 
(iii) of the preceding problem by simply putting ti = U. In this case 
r = r\v = 1, and we find 


P = 


p -r^ 


(V). 


This equation was given by me in a note in Biometrilta, voL 1, 
p. 404, and its use illustrated on Dr. Simpson’s data for Faramec- 
inm caudatim. 

(5.) To find the correction to he made to the apparent homotypic correlation 
when the pair of homologous parts are differentiated from each other hy situa- 
tion on the organism. 

We have only to put in formula (iii) on p. 290, = pi and ^2 = p^^ 

the positional co-ordinates of the first and second homologous parts, to 
make that formula available for position instead of age differentiation. 
If we denote by Ci and the characters of the parts in the positions pi 
and p -2 respectively, our solution takes the form below, where we have 
confined our attention to the same character, 

K =■ 

_ 2^piCi^>iCg - 

This follows since r^^^i = and 

We have again, therefore, to find four correlation coefficients. But 
this formula simplifies immensely if we observe the following con- 
ditions : 

{a.) Take the same number of homotypes or homologous parts from 
the same positions in each organism. 

(&-) Enter each one of these homotypes or homologous parts with 
each other on the same organism, so as to obtain a symmetrical table, 
i^., Cl is first entered with and then c^ with Ci, 

These conditions are or can be usually satisfied in any homotyposis 
investigation. 

(6.) Further, the positions will, as a rule, be arranged in series and 
may be numbered 1, 2, 3, 4, . .m, if m homotypes or homologous parts be 
taken from each individual organism. The position scale is, of course, 
perfectly arbitrary, and has nothing to do, for example, with the 
actual distances between positions on the organism. We can make it a 
uniform numerical scale, which for convenience we can take to be the 
same serial order as that of positions on the organism. 
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Let p — mean position, cr^ = standard deviation of positions on the 
arbitrary position scale. Let there be n organisms, and suppose that 
denotes a summation of all m homologous parts on an organism, 
and S a summation for all n organisms. Then, if cr^ = = o-^^, 

nm(m - = S„ {S^ (j>i -p) (p 2 -p)} 

= (pi -p) X {p2 -p) - {pi -~jp)2} 

But = 0, hence, since S„i(pi“P)^ = 


nm{pi-\)rp^^(T^ = -nmcr/j 


or 


^Pi 3>2 — 


1 

m - 1 


(vii). 


Further 

nm(m-l)rp^c^crp(Tc = Sn{^m(pi-p)(c2-c)} 

= {Sm {G2 - c) X Sm, (pi -p) - (<?! - c) (pi -p) } 

“ “ {C\ c) (^1 ‘~“P) } • 

But b)i {Smi(ci — c) {p\ ~‘p^'} — nm crgOj, 

Hence 




711-1 


^ ^Vi2>2 


(viii), 


a relation precisely similar to that discovered in the case of growth 
periods for brother’s head-lengths from the actual numbers on p. 294. 
Substituting we find 


1 - W - W - W + 'TpLCi = (1 - W) (1 - 

2rpjc,^yi(ii, — >3),Ps(^li,Ci® + ’3)iea) O' ~ ‘’’ViPs) 

Then substituting in (vi) and using (vii) we determine the simple 
formula for homotyposis corrected for positional differentation 


E - 


P 


m-1 l-Tpc^ 


(ix). 


where Vpc stands for the correlation of character and position on the 
organism. 

An exactly similar formula might be found for the correction for the 
age or growth factor, if the m homologous parts dealt with had the 
same distribution of ages or growths in each organism. 

(7.) Now the equation just found has the serious disadvantage that 
it is based on the linearity* of the regression relation between position 

* The reader should note that this condition does not involve any assumption 
of normal frequency, or the G-aussian law. The latter applies only to a very 
special case o£ linear regression. 
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and ciiaracter. But while organic and homotypic correlations give for 
a surprising variety of cases sensibly linear regression relations, the 
relation between position and mean character is far more rarely linear. 
We obtain, as a rule, remarkably smooth curves. We, therefore, 
require some modification of equation (ix). 

Still supposing the regression of character aud position linear, we 
should have, if (t be the mean standard deviation of an array of organs 
in the same position, 

But if 0*35 standard deviation of the means of the arrays, we 

have from first principles 

Hence 0*35 = crxr^c. 

We can now write equation (ix) in the form 


E = p 




(«* - 1) K -■ 


(x). 


This is quite free from and, what is more, although we have deduced 
it from (ix) and the relation o*'^ = 0*2 (1 - rp^) peculiar to linear 
regression, it is now free of any limitation as to the nature of the 
relation between position and mean character. Thus (x) is a far more 
important formula than (ix), and should always be used, until we have 
shown that the relation between position and mean character is 
sensibly linear. If anything, it involves less arithmetic than (ix). 

We can show this db initio as follows : — Let the individuality of the 
organism in any homologous part be measured by its excess above 
(respectively defect below) the mean value of the character for the 
homologous part in that position.* Then, if c' = element of character 
due to individuality, and Cp be the mean character in any position for 
the n individuals dealt with, 

c{ = Ci-Cp^ Sn{ci) = 01 ^, and &n{ci) = 0. 

Hence we easily find 

= Sn(Ci2)~ V 

SmSn(Ci'2) = SiwS,i(Ci2) — 

^ It might be considered better, if the standard deyiations of the homologous 
parts vary yery considerably 'with position, to measm-e the indiyidnality by the 
ratio of this excess to the corresponding standard deyiation. Not only, howeyer, 
does the nse of such a ratio immensely increase the arithmetical labour, which is 
a possibility, -which of course, we could face, but there is also a question as to 
whether the ratio is really a incer measure of indiyidnality. A full discussion of 
this important point must for the present be deferred. 
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c = BynSn{ci)l{nm) =S,n(cp)/m, we have 


0*^2 — fj -2 — 0 - 


2 

M 9 


where cr' is the standard deviation of the character-individualities free 
from the position factor. We see that it is precisely the same quantity 
as we have previously used for the mean standard deviation of the 
arrays for given positions. 

Next taking the correlation of characters c\ and c'2 in positions ;pi 
and ^2 we have 


(^1 + SjM, {C\ <?2 ) -" (^1^) i" (^ 1 ^ 2 ) “ (<3i) W2-C 4* 


To get this result we have multiplied every quantity like = Ci - 
by every other quantity like c'2 = C2 - and ly itself and then added 
such quantities together for every position on the one organism. Thus 
on the left hand side there are m terms in the first, m(m - 1 ) terms in 
the second summation ; on the right hand side there are m terms in 
the first, m{m - 1 ) terms in the second and m terms in the third sum- 
mation. Now sum for each of the n organisms, and we have 


l)Rcr'2 _ ^72,(o-2 + c2j + 7im(m- l)(/ocr2 + c2) 


Whence E = ~ f , 

dr, as before 

E = p 


(x). 


Now while this proof is independent of the theory of partial cor- 
relation coefficients, involving only simple algebra, and is further 
independent of any consideration of linear regression, it yet wants 
something of the width of the former theory, which allows us at once, 
for example, to correct for a combination of factors, such for example 
as for loth growth and position influences simultaneously. The 
difficulty lies entirely in the extent vrithin which it is legitimate to 
assume the relation between position or age, and the mean value of the 
character at that position or age to be linear. It is therefore clearly 
advisable to start by plotting this relationship,* and fitting, if possible, 
such position or growth graphs vnth appropriate curves. If, for the 
series of positions dealt with or the period of growth taken, we find that 
a straight linef is a close approximation to the relationship, then we 

* In the case of some animals and many plants the relationship is in itself 
of much interest, for it expresses a law of development or growth in serial parts, 
t The analytical consideration of this point is very simple. If the regression 
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may use the general theory of partial correlation, otherwise we must 
fall back on results like (x). For example, in head growth in boys, 
we cannot much improye on a straight line ; in positional influence on 
the branches in the whorls of Equisetum arvense we need at least a third 
order parabola. 

(8.) Although material for several investigations on the homo- 
typosis of serial homologous parts has been collected, the progress in 
some of these cases is slow, as it involves rather laborious micro- 
scopic measurement. I content myself at present with an illustration 
from the vegetable kingdom. 

I collected in the autumn of last year, 126 plants of Equisetum arvense 
in Eaydale Side, an offshoot of Wensley Dale ; the plant was growing 
on a lane side high up above Semmerwater. This Equisetum grows from 
the top with a single stem, and I counted the number of branches to 
the whorl from the root upwards. As a rule, there will be one or 
two whorls close to the soil which have never developed any branches 
at all ; then we have what I shall term the first whorl in which some 
branches have developed, but the number is irregular and obviously 
subject to some cause of variation, other than the growth law of the 
plant. The number of branches to the whorl then increases uniformly 
and steadily up to the 4th whorl, after which it falls almost equally 
steadily to the 10th whorl. Beyond this the results becomes somewhat 
irregular again, for very few plants will be found— at any rate in the 
locality considered — ^withmore than 12 or 13 whorls, and even in these 
whorls there is a certain amount of forking or irregularity which it 
is difficult to deal with. The plants were certainly fully developed 

be linear, the means of the arrays all lie on the regression line, and the mean 
standard deriation of the arrays about their means is If regression 

be not linear, the means of the arrays will have a mean square deviation from 
the regression line. The mean square deviation of the arrays from the regression 
Hne, but not from their means, is still <r 2 (i~r-). The mean standard deviation 
(deviation of mean square jTrojw means) is now given by 

(r'3 = 0-2(1 — 

since Bat we easily find 

Hence Sjn is a good measurement of the deviation of regression from linearity or 
of from ro. If we take tj — o-m / o', we have ^ * 

Clearly must lie between and 1. Further, v can only yanish when the cor- 
relation is zero, or become ±1 when the correlation is perfect. Between these 
Talues it gires the mean reduction in yariabiUty of an array as compared with the 
whole population. Further, the deyiation of n from y is a good measure of the devia- 
tion of the system from linearity. Thus 17 is a useful constant wliieh ought always 
to be given for non-linear systems. It measures the approach of the system not 
only to linearity but to a single valued relationship, i.e., to a causal nexus. 
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when gathered at least as far as the 12th or 13th whorl, and I doubt 
whether even beyond this so late in the season, any further branching 
would have taken place. A few branches were broken off, and these 
were of course counted; there was no difficulty, however, in easily 
ascertaining whether a branch had in any case been developed or not, 
and the peculiarity of the 1st whorl was certainly not due to missing, 
but to xmdeveloped branches. 

Table V gives the relation between branches to the whorl and 
position for the whole of the 126 plants. In two columns to the right 
are given the means and variabilities of the branches for each whorl. 

Now, whether we judge by mean or standard deviation, we see 
a perfectly gradual change from whorl to whorl, which absolutely 
precludes us from considering the number of branches to the whorl 
as a pure homotypie character. We see a marked differentiation due 
to position of the whorl on the plant ; the whorls are homologous but 
not homotypie parts. 

Suppose, however, that we disregard our test for differentiation,* 
and proceed to find a correlation table for the whole material* as 
homotypie. We have Table VI, for which I have to heartily thank 
Dr. Alice Lee. 

The value found for the homotypie correlation from this table is 
p = -0-0064 ±0*0185, 

oi> there is no sensible homot 3 ?posis at all. 

But we might have gone to the other extreme and taken only the 
3rd, 4th, and 5th whorls, which have more nearly the same means and 
standard deviations as homotypes. The result is Table YII, giving 

P = 0-7918±0-0129. 

It will be perfectly clear, therefore, as these two results ought to be 
the same, if the whorls were true homotypes, that we may get any 
result at all if we neglect differentiation.f The answer to this is that 
no trained biometrieian would call these whorls “undifferentiated 
like organs " with the two right hand columns of Table V before him. 


* On the test for differentiation, see * Biometrita,' toI. 1, p. 334. 
t Bateson, ‘ Boy. Soc. Proc.,’ vol. 69, p. 200. 

VOL, LXXI. 


Z 



Number of Branches to the Whorh 


Prof. K. Pearson. Mathematical Contributions [Jan. 20; 


11 

M •!-« 

J s 

OD ^ 

OC0JN.r-)0000-;:J^C0®®OC0rHC0O 

50JO00i0»O5000C35iC05OC07!jt^00Q 

e0tfCli-'pHpHCOJ>CvJlOrHlOO51>'^’5Hp 

(jqp-l,-4rHpHrHHeQ(MCSJiHOOOOO 

1 

i 

o ' 

“ 1 

a5HH>OC0l^05lt^VfS'HH'!050CSIC0OQ 

pHOaiNcO'HicsicooauscO'^copcoiop 

co{NpJt'^P'^J^<5Q»oqa'^oO'^«<Np 

J>.C50050SOiOO.t»»000(MrHrHrHpHr- 1 

1 

Totals. 

5O5D505050'^0!Si-H0iOt^t^<3^N’^(S| 

(MCQSqCQlNCqNCMrHrHOiCOCOrH 

r^r-tfHpHiHrHrHjHfHrH 

1448 

CO 

pH 

I M ^ 1 1 1 1 M M ! 1 1 1 

pH 

©a 

pH 

|CCiOCO<MCOiHJ I j 1 1 1 I 1 I 

tH 

1-j 

tH 

M M I 1 1 i 

153 

S 

^:5««5!Sg§S‘“ 1 ! 1 1 1 1 1 

ei 

Oi 

(Mt-.lOMiOXOOQ'^OrHl f I ] 1 I 

(M CO CO CO CO CO C5 Csl <-! 1 1 1 1 1 { 

260 

oo 

CiiH Oi O O CO CO CO J>XO H 1 I 1 1 ! 

<MCq THrHiHNOirH it III 

161 

Jt^ 

CO vO OJ CO 00 O 05 pH CO r-i rH H 111! 
pH iH 05 pH pH I 1 1 I 

05 

pH 

pH 

■Ht 

CO 

50 

0000 1 j [0,®»33» 1 1 1 M 


a>pH| 1 |C5C5MaOi^W5|rHj 1 1 

tH 

w 


o I 1 1 1 1 1 1 1 1 

to 

VO 

CQ 

”1111! -'“SSS” II 11 

CO 

« 

“"Mini 1 

5> 

rH 

pH 

05 

05 

rH 

pH 

'’Mill l'’“SSSS““'’ 


pH05CC'^«OOI>QOOOp-.(MCO'^XOCO 
rH P"* iH 1—1 rH rH tH 

Totals . . . 






Number of branches on 1^^ Whorl of Fair. 


1903 .] 


to the Theory of Emhiiim. 


307 


00 

3 

oa 

<» 

§ 

661 

CO 

05 

g 



§ 

9 

rH 

e 

8 

13 

52 

o 

EH 

CO 

CO 

HO 

HO 

CO 

»H 

00 


HO 



CO 

i-Hi » 

iH 





rH 

rH 

CJf 

CO 

rH 



HO 

rH 

CO 

CO 

iH 

1 


1 

1 

cq 

eq 

rH 

eq 

rH 

1 

1 

CO 

iH 



1 


1 

1 






1 

1 

rH 

12. 


18 

CO 

rH 

HO 




05 

HO 

eq 

40 

Hp 

CO 

1 

05 

05 















rH 



o 

lO 

HO 

00 

:S 

eq 


O 


00 

o 

rH 

O 


CO 

HO 

HO 

HO 


fH 

HO 


oq 

rp 



tH 


iH 






rH 

rH 





HO 















rH 



1> 



C5 


CO 

eq 




HO 

eq 

rH 

d 

i''* 

CO 


cq 

o 

HO 

i> 

CD 

O 

r-i 


eq 

CD 



w 


fH 

rH 

rH 

iH 

eq 


05 




O 













CO 


r-i 


(M 

CO 

HO 

CO 

05 

rH 

CD 

r-J 

o 

05 


cq 

• 


00 

cq 

o 

rW 

CO 

05 

00 

CD 

o 

HO 





(M 

rH 

rH 

iH 

rH 

jH 

cq 

O 





oo 

cq 


o 

Oi 

05 

oq 

45 

O 

eq 

8 

i-» 

eq 

rH 

00 

oq 


00 

eq 

oq 

X> 

00 


eq 

00 

CO 

rH 

eq 

CO 

iH 

iH 





rH 

CO 

eq 

cq 

rH 



CO 















rH 


91 

06 

59 

63 

CO 

HO 

cq 

CO 

eq 

cq 

8 

CO 

s 


cq 
















rH 















rH 

eo 


tP 

H 


eq 

00 


o 

CO 




1 

1 eq 

CO 

HO 

CO 

oq 

eq 

HO 


CO 

VO 

VQ 


1 











rH 

rH 




CO 

d 

tH 



05 

00 

eq 



HO 

05 

00 

HO 

1 

o 


•o 

iH 

rH 

iH 

eq 

CD 

rH 

O 

HO 


1 











rH 

rH 




HO 


HO 

05 

00 

eq 

05 


CO 

cq 

CO 

rH 

HO 

iH 

rH 

CO 

HO 


iH 

iH 

t-4 

eq 

HO 

00 

O 

eq 

HO 



<35 










rH 

rH 




HO 

CO 

CO 


CO 

00 


r-4 

05 

05 

eq 

05 

HO 

CO 

1 

rH 

CO 

-rH 

rH 

iH 

tH 

CO 

HO 

q> 

cq 


HO 



CO 










rH 

rH 




CO 


o 

00 


05 



O 

05 

rH 

Jt* 

o 

00 

rH 

eo 


rH 

Cd 



HO 

HO 

05 

cq 

tH 

00 

cq 


CO 

rH 

rH 


00 

CO 















rH 


cq 

O 

63 

HO 


iH 

rH 

o 

rH 


CD 

cq 

00 

05 


CO 

iH 

HO 


CD 

05 

eq 

00 



cq 

05 


iH 

r-i 







cq 

cq 

rH 


CO 















rH 

j 














QQ 

















iH 

CQ 

CO 


HO 

CO 

i> 

00 

05 

o 

t-t 

cq 

CO j 

J 











rH 


rH 

w 1 

o 















EH 


'Mvjr fo ytoiija 2 ?Mg uo sdypuvj(>gr fa jbaqwnj^ 




Now let us consider how to handle the material, allowing for the 
differentiation of the whorls. To begin with, our formula requires 
the use of the same number of homologous parts for each organism, 
and it is, on account of the value of the probable error of the random 
sample, undesirable to use fewer than 100 individuals. This leads to 
our cutting off Table V at the 10th whorl. In this way we get rid 
also of the forking, which certainly begins in many individuals at the 
11th or 12th whorl. Table VIII gives us the data of Table V recon- 
stituted for 110 plants, with ten whorls apiece. The only serious 
difficulty now remaining is that which I have referred to as arising 
from heterogenity in the first whorl. A glance at the mean and 
standard deviation of the branches in the first whorl given in Table V 


Diaobak 2. 





Table VIII, — Relation between Number of Branches and Position of Whorl. 

Number x>f JBranc7tes in Whorl, 
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Totals 2— 10 24 32 29 31 84 50 84 103 209 246 130 17 1 990 8-2515 
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will suffice to demonstrate this heterogeneity. Certain individuals have 
the normal number of about 8*5 branches to this whorl, but about a fifth 
of the total number of individuals only develop about half this normal 
number of branches. To illustrate this I have in Diagram 2 plotted 
the mean number of branches to the whorl, and fitted these means 
with a parabola of the third order,* using only whorls 2 to 10. The 
equation to this parabola is 

■7/ - 9*451,443 - 0*549,4302.'r - 0*l79,9881jr2 _ o*008,4206ajS, 

the origin being at the 6th whorl, and y giving the mean number of 
branches for x whorls from the 6th. We have the following results : — 


Observed number of 


Position of whorl. 

1 

branches. 

7-718 

Calculated. 

8-752 

2 

9-327 

9-308 

3 

9-718 

9-707 

4 

9-827 

9-898 

5 

9-746 

9-829 

6 

9-564 

9-451 

7 

8-891 

8-714 

8 

7-491 

7-565 

9 

5-736 

5-956 

10 

3-964 

3-835 


A much worse fit was obtained by striking a cubical parabola through 
all tm points. 

It will be seen that the excellency of fit fully justifies the use of 
this curve. But that there is a large deviation from the observed 
mean of the 1st whorl, when we calculate its value from the curve 
thus obtained. Somewhat reluctantly, therefore, I felt compelled to 
omit the consideration of the 1st whorl from my investigations. Had 
I possessed a sufficient number of specimens I should have separated 
my material into two classes, those plants with normal 1st whorl and 
those with abnormal 1st whorl. But with my available material I 
should have had considerably less than 100 individuals to deal with, and 
accordingly I settled to take nine homologous parts only, namely, the 
2nd to the 10th whorls, in which the differentiation appears to be solely 
due to position on the plant. Above the 10th whorl, the phenomenon 
of forking obscures the determination of branches to the whorl, while 
below the 2nd whorl the full or partial development of branches to 
the whorl seems to be determined by the local lower vegetation 
round the stem. 

Taking Table VIII, I found for the mean of the means 8*2515 
branches, and for the standard deviation of the means cr^i, == 
By tbe method indicated in ‘ Biometrika/ vol. 2, p, 11. 
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3,938,354-. Further, if cr be the standard deviation of the frequency 
distribution of branches, as found from the bottom row of Table VIII, 
we have 

0-2 = 6-721,083. 

Hence for use in formula (x) we have, since m = 9, 

= 2-416,280, = 0-176,911 (xi). 

Table IX gives the uncorrected homotyposis for the nine whorls 
treated as simple homotypes. From this I find, 

p. = 0-131,258 (xii). 

Substituting (xi) and (xii) in (x), we find for the homotyposis of the 
number of branches in the whorls in Eguisetum arveme^ when corrected 
for differentiation due to position, 

E = 0*4939. 

This result it must be admitted is extremely satisfactory, and indi- 
cates how it is quite possible to correct a result like (xii) by allowing 
for the differentiation of the homologous parts due to serial position.* 
I hope before long to publish other results dealing with homotyposis 
in serial parts, where the differentiation has every variety of intensity. 
I think they will suffice to show that differentiation is not a subtle 
and evasive quality beyond the appreciation of the naturalist who is 
provided with the training requisite for modern biometric research. 

(9.) The values of E as given by (ix) and (x) may be illustrated 
from the actual numbers for Eguisetum arveiise. We have seen in the 
footnote, p. 304, that 

V = 

This in our case gives 

7? -= 0*76549. 

But by direct calculation on Table VIII, using whorls 2 to 10, 
Dr. Lee finds Tpc = -0*64616., Hence with the notation of the 
footnote referred to 

0 -' = 0-7632 cr, 2^ - 0*4104 cr. 

* The value obtained for the crude homotyposis of the members of the whorfs 
in Asperula odorata in my first memoir was p = 0’1733 (* Phil. Trans./ A, vol, 197, 
p, 326). I have little doubt that when we are able next summer to calculate the 
correction for differentiation in position of whorl, "we shall find R for woodruff in 
good accordance with other homotypic results. My remarks about it were : **In 
counting the members on the whorls I soon found evidences of differentiation in 
position, the whorls towards the top of the spray having, as a rule, fewer members 
than those lower down’* (loc. cit,, p. 325). Unfortunately I havfe not kept my 
records of position. 
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Thus 'q diverges much from r^o and '2^ from zero. Indeed, a glance at 
the diagram shows how far we are from true linear regression. If’ 
we use Jpc as above instead of -jy, i.e,, (ix) instead of (x), we have 

R = 0*3511, 

a value very much below the actual value. This illustration will 
suffice to emphasise the importance of testing the actual curve of 
regression before we assume it to be linear and use equation (ix). 

(10.) The subject of differentiation due either to position or age is,^ 
of course, a difficult one, but it does not seem at all beyond biometric 
treatment. The greatest difficulty which it seems to me will have to- 
be encountered is not that of discovering and allowing for differentia- 
tion due to serial position, but in ensuring that when this has been 
allowed for, there is not remaining an organic correlation due to the 
necessity of adjacent parts “fitting.” On this account it is most 
desirable that as large a number of homotypes as possible shall be 
taken, so that the part of the correlation due to the homologous parts, 
having to fit, or, indeed, to serve a common end, should be reduced to* 
as small a quantity as possible. For example, if we suppose adjacent 
whorls to have their number of branches influenced by an organic- 
relationship, this result will only bias nine out of the forty-five pairs we 
should form in dealing with ten whorls. The question of separating 
organic from homotypic correlation is one that I hope to return to at 
a later date. Meanwhile the present paper will suffice to indicate how 
partial correlation coefficients enable the biometrician to free himself 
from the differentiation between individuals due to different periods 
of growth, or to different positions on the organism. 

In conclusion I should like to thank Dr. Alice Lee and Mr. P. E. 
Lutz for aid readily granted at one or other stage of this investiga- 
tion. 
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“ Primitive Knot and Early Gastrulation Cavity co-existing with 
Independent Primitive Streak in Ornithorhynchus!' By 
Professor J. T. Wilson, M.D., and J. P. Hill, D.Sc., Univer- 
sity of Sydney. Communicated by Professor G. B. Howes 
E.E.S. Eeceived January 21, — Eead February 12, 1903. 

Amongst the material at our disposal for the investigation of the 
earlier stages in the development of the Monotremes is an egg of 
Ornithorhynchus, measuring 10 x 9*5 mm. The stage of development 
represented by this egg is of such interest and importance that we 
have deemed it deserving of a brief preliminary communication. 

The stage of embryonic organisation would appear to fit in as 
immediately succeeding the oldest of the early embryos described by 
Semon,* viz., his “Eg” (fig. 15, Taf. 8). His appears, indeed, 

to have been older than “Ee,” but with the exception of one figure 
(fig. 39, Taf. 9) representing the structure of the extra-embryonic 
blastoderm, Semon gives no indication of the conditions met with in 
that ovum. This is the more to be regretted, as we see reason to 
believe that “ Ej- ” must have corresponded pretty closely with the 
stage now to be described, Semon notes that the embryonic area of 
this egg was injured through an unfortunate accident. 

The general structural arrangements of the Monotreme ovum in its 
early stages of development have been described and figured by 
Semon. In all the stages dealt with by him, illustrating the develop- 
ment from segmentation up to the first indications of gastrulation, the 
yolk had retained its original arrangement as a tolerably coherent 
solid or semi-solid spheroidal mass with alternating strata of white and 
yellow yolk-spheres. As he states, however, the egg in the course of 
further development increases considerably in size during its sojourn 
in the uterus through absorption of fluid. By this process of fluid 
absorption, the yolk-mass is disintegrated and its spherules dissemi- 
nated throughout the interior of the growing blastodermic vesicle, 
though many of them remain adherent to the deep surface of the 
blastodermic membrane. 

This conversion of the solid or semi-solid yolk-mass into the fluid 
contents of a large blastodermic vesicle renders the investigation of 
the structure of the blastoderm, from the period of the commencement 
of gastrulation up to the formation of a distinct embryo, an exceed- 
ingly difficult one. The loss of Semon’s “E7” may very likely be 
attributable to such difficulties in the way of manipulation as we have 
encountered in dealing with a delicate blastodermic membrane sur- 
rounded by a thick, tough, and opaque shell as well as a vitelline 

* E., ‘ Zool. Forschungsreisen,’ &c., Bd. 2, Lief. 1 (1894). 
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membrane, and distended by a considerable bulk of fluid material. It 
is quite impossible to remove tbe shell without serious damage to the 
delicate blastoderm. Fixation with the shell intact is imperative, /and, 
as a matter of fact, the result in the way of preservation proves quite 
satisfactory, as evidenced by the condition of the cellular blastoderm, 
in which mitotic figures are well preserved. But even after lixatiofl, 
the opening up of the ovum is attended with no little risk. The 
inevitable evacuation of the contained fluid allows of crumpling of the 
blastodermic membrane with possibility of injury to the embryonic 
area. It is impossible, owing to its size and osmotic difficulties, to 
treat the ovum throughout unopened. Even were that course practic- 
able, the impossibility of orientation would be an insuperable 
difficulty. 

After fixation and subsequent dehydration in graded alcohols, the 
10 mm. egg was cleared in origanum oil and opened. The blastoderm 
still remaining in siki in relation to the shell was examined from the 
interior aspect, and was found to possess at one spot a small more 
opaque area, somewhat oblong, but rather irregular. The portion of 
the blastoderm containing this small opaque patch was photographed 
by transmitted light at a magnification of 6*5 diameters for the purpose 
of orientation. 

Our surmise that the area in question was of the nature of an 
embryonic or primitive knot was afterwards confirmed by the exami- 
nation of serial sections. 

No differentiation in way of an embryonic area in the wider sense 
is recognisable in the photograph, nor was any such discovered in the 
course of examination of the wall of the blastodermic vesicle in toto 
under low magnification. We naturally concluded that the very 
evident knot represented the earliest and only differentiated area, and 
for a time devoted our attention solely to this area and the blasto- 
derm in its vicinity. The portion of the blastoderm containing the 
knot was separated from the remainder of the wall of the vesicle, and 
was then imbedded and cut in serial sections. Examination of these 
did in fact show that in the neighboxxrhood of the knot, and for some 
distance from it, the wall of the vesicle was destitute of any indication 
of further differentiation. But towards the periphery of the portion 
sectioned and comparatively remote (nearly 2 mm.) from the knot, 
itself, we found the commencement of a region of thickened ectoderm 
with underlying mesoderm. Our attention thus being directed to 
other manifestations of developmental activity in the blastoderm in 
addition to the primitive knot, we found, in the portion of the vesi- 
cular wall originally put aside, a quite extensive area showing im- 
portant changes. These amount to no less than the establishment, 
quite away from the region of the knot, of a distinct linear primitive 
streak formation, surrounded by an area over which the ectodermal 
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layer is thickened and cubical, and within which a mesodermal sheet 
has already undergone a wide extension. 

It is peculiarly unfortunate that, owing partly to the difficulty of 
dealing with the delicate and originally collapsed and torn vesicular 
wall after the cutting open of the egg, partly to the failure to detect 
any visible differentiation apart from the knot, and our consequent 
conviction that the latter was the sole trace of embryonic organisation 
yet present, the orientation of the distinct portions into which the 
vesicle was separated was not adequately determined and preserved. 
It thus became impossible for us to guarantee that the planes of 
sectioning of the remaining portions should be accurately co-ordinated 
with each other, or with that of the important piece first sectioned. 
This failure, not wholly blameworthy, when the conditions of the task 
are appreciated, has introduced an element of conjecture into our sub- 
sequent attempt to determine the precise relation to the knot of the 
primitive streak area, of whose existence we later on became aware. 
Nevertheless, we think that we shall be able to establish these rela- 
tions with at least a high degree of probability. 

In this preliminary paper we propose to restrict ourselves to an 
account of the highly interesting area which first attracted our atten- 
tion, and which we have already referred to as a ‘‘ primitive knot.*' 
It will, we think, be admitted that no possible doubt can be entertained 
of the justice of employing for its designation a term which would 
stamp it as the homologue of the well-known structure in many 
Sauropsida to which the same name has been applied. It is a true 
primitive or gastrula knot, in the Sauropsidan sense, possessing a 
transversely elongated gastrula-mouth or blastopore and an invagina- 
tion cavity, which both in appearance and minute structure resembles 
in the closest manner the structure described under these names in 
various Eeptilian forms. 

But if this be admitted, we come face to face with this extraordi- 
nary fact that, in addition to this reptilian-like gastrula, there is to 
be found in Ornithorhynchus, quite distinct and even remote from 
this gastrula knot, a region in which there is being differentiated 
independently a primitive streak of quite ordinary and typical 
ma mmal ian character. 

The oblong portion of the wall of the vesicle containing the 
primitive knot near its centre, and measuring about 8 x 10 mm., 
was left adhering to the portion of the shell covering it. The direct 
observation and photography of the piece were thus confined to its 
deep aspect so as to avoid undue disturbance and injury. The 
whole piece was then double imbedded in photoxylin and paraffin 
and cut into serial sections 10 micra thick. The sections were stained 
in hsematein and eosin. 

The plane of section chosen was approximately at right angles to 
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the larger diameter of the embryonic knot, and parallel to its pre- 
sumable axis, on the supposition that a clear spot near one of its 
margins represented the position of the gastrula opening or blasto- 
pore, thus determining the true posterior margin of the knot. 

Examination of the series did ultimately show that the sections 
were approximately longitudinal sections through the gastrula cavity. 

The general character of the egg at the stage under consideration 
must be briefly referred to. At the period now dealt with, the 
formerly yolk-laden ovum has become transformed into a large- 
blastodermic vesicle with fluid contents, amongst which* are large 
numbers of dispersed yolk-spheres of the original yolk-mass. One 
can, without hesitation, homologise the interior of the vesicle with 
the subgerminal cavity of a Sauropsidan egg, extended so as to 
include by liquefaction the whole of the yolk itself. Ornithorhynchus 
indeed may be said to afford an actual demonstration of the trans- 
formation of a Sauropsidan subgerminal cavity, such as is figured 
in its first beginnings in Semen's figures 36 and 38 of his 
into the cavity of a mammalian blastodermic vesicle, thus supporting 
Keibel’s view of the correspondence of these cavities. 

The establishment of the vesicular stage has been effected by the 
extension of the cellular blastoderm completely around the yolk, a 
condition representing a considerable advance on that existing in 
Semen’s figures ‘‘ Eg ” and ‘‘ O 3 .” He does not record the condition in 
this respect of his Eg.” He was also unable fully to determine the con- 
dition of “ Er ” in this respect. We believe that the latter must have 
been very similar to our present stage, judging from the figure he gives 
of a portion of the extra-embryonic blastoderm. 

Not only is the cellular wall of the blastodermic vesicle complete in our 
specimen, but it is already bilaminar throughout, and trilaminar over a 
not inconsiderable area. A complete layer of yolk-entoderm (“ second- 
ary ” entoderm) has been differentiated lining the cavity, except under 
the small area of the primitive knot, with whose tissue it is continuous. 
The yolk-entoderm cells are large and swollen, being distended by 
yolk-spheres of various sizes and somewhat different staining capacities. 
Owing to their yolk-laden character their protoplasmic contents are 
relatively greatly reduced. The nuclei are, as a rule, large and vesi- 
cular. In the least successful sections the entoderm cells may be 
broken up and more difficult of recognition. We are firmly convinced 
that it is owing to the imperfection of the section shown in Semon’s 
figure 39 from his E 7 ” that such a careful observer has been unable 
to recognise the yolk-entoderm as such, and figures it as a zone of 
.vacuolated coagulum next the surface of the yolk. The imperfect 
layer of angular-looking cells which he figures and regards as the 
entoderm in “ E; ” is not really such, but forms an intermediate layer 
of mesodermal cells. 
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This layer of mesoderm is well represented in the stage under 
description. But it by no means extends throughout the whole extent 
of the blastodermic vesicle, nor is it met with at all at or in the 
immediate vicinity of the primitive knot. It is found most fully 
developed in and around the primitive streak area, and here it is 
continuous with the ectodermal thickening of the primitive streak 
{Le., paraxially), where it attains greater thickness and consists of 
several layers of cells. Outwards from the line of the primitive 
streak* it thins out gradually into a single layer, and further out 
becomes patchy and incomplete. It is throughout distinct and in- 
dependent of the underlying yolk-entoderm, which can be followed 
through the whole wall of the vesicle. We have several pre- 
parations of small portions of the wall of the vesicle stained and 
mounted m Mo, which give clear demonstration of the huge yolk-laden 
entoderm cells forming a continuous lining of the vesicle wall, precisely 
as figured by Hill and Martinf in a considerably later stage. 

The ectoderm of the vesicle wall throughout the greater part of its 
exfeent forms a membrane consisting of very thin flattened cells closely 
applied to the vitelline membrane. This character it retains in the 
vicinity and over a portion of the primitive knot. But over the 
region already referred to as the primitive streak area, remote from 
(posterior to) the primitive knot and extending outwards so as to be 
practically co-extensive with the mesoderm of this area, the ectoderm 
shows a marked change in character. Here its cells are no longer 
flattened and squamous, but thickened and cubical, and here also 
their developmental activity is often betrayed by the existence of 
frequent mitotic figures. In the posterior part of the primitive streak 
thickening, the cubical ectoderm gradually becomes more attenuated, 
the mesoderm still continuing beneath it for some distance, even after 
the extra-embryonic ” character of the ectoderm is assumed. 

We now come to the “ primitive knot ” itself, whose occurrence and 
characters it is the special object of this brief paper to record. 

The oblong area of the blastoderm constituting the knot measured 
0*42 mm. in one diameter (antero-posterior axis of gastrula) and 
0*49 mm. in the other diameter (transverse). It is therefore compar- 
able in general form with the area from an Echidna egg (Eg) figured 
by Semon in his fig. 15 {loc. dt). Unfortunately Semon gives no 
clue to the magnification of this figure, which is on a difierent scale to 
the other illustrations. One cannot therefore compare the area of Ea 

* The plane of section through the primitive streak area of the vesicle wall, 
though its orientation was determined in rather haphazard fashion in default of 
any visible guide, is obviously approximately transverse to the axis of the primitive 
streak, showing the characteristic bilateral symmetry of organisation of this 
important region, 

t Hill and Martin, On a Platypus Embryo from the Intra-uterine Egg,’* 
‘ Proc. Linn. Soc., N.S.W,,’ vol. 10, figs. 31 — 33. 
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in size with that now described. It is to be regretted that Semon's 
specimen was lost through accident, so that no further comparison can 
be instituted. There is, however, a general resemblance between 
fig. 15 of Semon’s Eg and his figs. 14 and 18 showing areas from 
other eggs of Echidna (E5) and Ornithorhynchus (O3). The dimeu 7 
sions of these can be calculated and are both found somewhat to 
exceed those of our primitive knot, in spite of their relatively younger 
ages. It is therefore dfficult to say to what extent the areas referred 
to (of E^ and E 5 and O3) correspond to our primitive knot. We are, 
however, of opinion, that Ee, though probably younger, must have 
pretty closely corresponded, and there can be little doubt but that the 
centre of the other areas, at least, is later on developed into an actual 
primitive knot. The sectional figure of O3 shown in fig. 38, inter- 
preted by Semon as showing the commencement of gastrulation, may 
possibly bear this interpretation, but we cannot feel satisfied that the 
granular coagulum layer between the cellular layer and the surface 
of the yolk shown in this figure has been adequately interpreted, 
especially in view of our complete conviction that in fig. 39 the layer 
represented in somewhat similar fashion is beyond all doubt really 
yolk-entoderm. 

We do not wish to be taken as suggesting that here in O 3 the 
coagulum represents differentiated yolk-entoderm. We are simply not 
convinced beyond all doubt that all the formed cell elements of this 
area in O 3 are disposed in the form of a superficial continuous membrane 
as shown in fig. 38, more especially in view of the totally different 
condition of the nearly related stage E 5 , as illustrated in the sectional 
fig. 33, and of the condition described below in our own somewhat 
later stage in Ornithorhynchus. 

The general form of the embryonic knot has already been noted. 
A schematic surface projection of its outline is shown in fig. 1 . This 


Eio. 1. 


pr.k. 



figm'e represents a plane reconstruction of the area of the knot, com- 
piled from the serial antero-posterior sections through the region. 
One of the more typical, of these sections is also figured semidiagra- 
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matically in iig. 2. More adequate illustration by photomicrography 
and otherwise will be forthcoming in a future communication. 


Fxa. 2. 



In mesial section, the knot is seen to form a thick and prominent 
lenticular mass projecting into the cavity of the blastodermic vesicle. 
It is largely composed of a loose reticular tissue in which nuclei are 
•only sparsely distributed and cell outlines are for the most part 
invisible. This tissue is thickly dotted with minute yolk-spherules 
and small vacuoles, and is not limited towards the cavity of the 
vesicle by any very sharp or clear-cut boundary. This reticulum of 
the knot is continuous peripherally with the yolk-entoderm of the 
bilaminar blastoderm around the knot. 

Penetrating the interior of the knot is the archenteric or gastrula- 
cavity, opening on the surface at the blastoporic aperture near the 
hinder part of the knot and appearing in sagittal section as a curved 
canal passing from the blastopore at first deeply, and then forwards, 
to end blindly in the more anterior part of the knot. This cavity is 
lined throughout by a very definite cellular wall. 

Both in front of and behind the knot, the blastoderm is simply bila- 
minar, with thin ectoderm closely applied to the deep surface of the 
vitelline membrane. The entodermal cells are large and contain yolk- 
spherules of varying size and staining reaction and loose yolk-spheres 
^re also found adherent to its deep surface. 

The thin ectoderm is continued over the knot from the region in 



32L 


190S.] Primitive Knot^ etc,, in Ornithorbynchus. 

front without change of character as far as the transversely elongated 
blastopore seen in fig. 1 and in section in fig. 2. Thence it is con- 
tinued round the anterior lip of the blastopore so as to line the roof of 
the blastoporic (archenteric) canal or gastrula-cavity. 

Posteriorly to the knot the thin ectoderm is continued forwards, 
but on reaching the posterior edge of the knot, its cells lose their 
markedly flattened character, and become continuous with a mass of 
cuboidal or even rounded cells, which forms the prominence of the 
posterior lip of the blastopore. The superficial cells of this mass do 
not, however, wholly surrender their epithelial arrangement, and are 
continued forwards in the hinder wail and floor of the gastrula-cavity 
to complete the cellular lining of this cavity. This cellular lining 
consists, for the greater part of its extent, of large and cuboidal cells, 
but in the hinder part of the roof, and extending from this upwards 
around the anterior lip of the blastopore, the cells are more flattened, 
ultimately becoming continuous with the thin ectoderm overlying the 
anterior pirt of the knot. 

Figs. 1 and 2 together enable one to realise the form of the gastrula- 
cavity as a wide, but dorso-ventrally flattened cavity opening 
posteriorly by a transversely-elongated blastoporic aperture. 

The posterior lip of the blastopore is formed by a mass of cells 
which, if not wholly indifterent, at least show a less clear difterentia- 
tion into superficial and deep than is found elsewhere. 

As was indicated at the outset, the resemblance between the 
primitive knot in Ornithorhynchus and that found in a number of 
reptilian forms is very striking. We would particularly draw attention 
to the figures by Mitsukuri* of the primitive knot in Chelonia, and 
more especially to his figs. 9 and 13 on Plate 8, which show a 
remarkable similarity to the condition here described, in all essential 
features. In Ornithorhynchus we lack entirely the columnar arrange- 
ment of the ectoderm over the knot, and the anterior lip of the blasto- 
pore there shown, otherwise the characters both of the knot and of the 
gastrula-cavity and its wall apj>ear to be almost identical with those 
figured, especially in Mitsukuri’s fig. 9, Plate 8. 

In a future more extended communication we hope to illustrate more 
■^adequately the points above set forth, and in addition to add something 
in the way of elucidation of the fate of the primitive knot in somewhat 
later stages. We propose also to describe and illustrate the con- 
dition of the primitive streak area, which at the period now dealt with 
already co-exists \vith, though independently of, the primitive knot, 
but which later by extension comes into more intimate relationship 
with the knot. 

* K. Mitsukuri, “ On the Process of Q-asfcrulation in the Chelonia,” ‘ Journ* Coil. 
8rTi., Japan/ roL (5. Cf. also Certrude 0. Davenport, * Haclcliffe Coll. Monograph,* 
^^^o, 8. Boston, 1896. Dendy, * Qu. Jl. Micro., Sci.,* vol. 42, p. 18, 1899. 

VOL. LXXI. 2 A 
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The mere fact of its co-existence at this stage with the knot 
necessarily occasions some reconsideration of the morpholo<^ical 
relationship of the mammalian primitive streak to the process of 
gastralation. ^ 


'• The Brain of the Archseoceti.”* By G-. Elliot Smith, M.A. M.D. 
Fellow of St. John’s College. Cambridge, Professor of Anatomy 
i^yptian Government School of Medicine, Cairo. Communi’ 
cated by Professor G. B. Howes, LL.D., D.Sc., F.R.S. Ee- 
ceived January 15, — Bead February 12, 1903. 

^far as I have been able to ascertain, nothing whatever is known 
of the form of t^ bram or, more strictly, of the cranial cavity in 
the Archaeoceti. Hence no apology is needed for presenting even this 

perfect accoimt of two cramal casts representative of this sub-order 
which have come into my hands. ’ 

Among the Eocene remains found in the Fayhm region of the 
bj Mr. H. .T. L. E..dndl »d Dr. cCte W 
Andrews, ^ 1901, there was a broken skull of Zmglodon,^ from which 

i^f^' ® ® form of the greater 

part of the dorsal and lateral aspects of the brain. A plaster c£t was 

made.m the British Museum at the instance of Dr. AndrewT who 
indly placed it at my disposal for description. 

iniri ™ter (1902), Mr. Beadnell found in the same 

^.MbepM .id. by ,id., ti., a.. naturJ^Sd 

anSdor » op,n 

number of difFarpnf>B« t ®here are a considerable 

I'ay4m.tobTSLS'lbyaeS,tS?s^“^ Beport on the Survey of the 

separately irith the pennisrion^rf the TT Department, imd are now published 
and 0ap4i H. ^ 0 ^ 0 ^^^, ^ Dnder S^etary of State for Publl Works 

the ‘Geological Ma^e^N ®grpt,”Pi»rt II. (Extracted from 

Dames*.) Decade IV, vol. 8, 1901, p. 437.-^E^yfo<^ Osiris, 
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several peculiarities of the natural east — such, for example, as the form 
of the caudal part of the cerebellum and the shape of the cerebral 
hemispheres — which are difficult to reconcile with the artificial mould, 
even if we admit that the inner face of the cranium (from which the 
latter was made) is damaged or imperfectly cleaned. The differences, 
nevertheless, are sufficiently pronounced to indicate a generic dis- 
tinction between the two specimens; and in this connection it is 
interesting to recall a statement made by Dr. Andrews in his first 
reference to Zeugloclon, as “ including apparently Dames' Z, Osiris, and 
perhaps a second species.”* It would, however, be very unwise, 
because it would serve no useful purpose, and possibly lead to error, 
to found a new genus or even a new species on the evidence of this 
natural cranial cast, when our source of information concerning the 
known genus (Zmglodon) is as unsatisfactory as that obtainable from 
the artificial one about to be described. More especially so, when it is 
remembered that in the case of the only indisputable facts (Le*, size 
and general form) the two casts are agreed. I shall therefore merely 
describe and attempt to explain the meaning of the form of the two 
specimens, and leave the question of the specific identity open for 
future research. 

The general appearance of the brain is extraordinarily peculiar 
(figs. 1 and 2). The shape of the anterior part of the natural cast 
(fig. 1, a and b) closely resembles the cerebrum of a Lizard greatly 
magnified. An anterior prismatic stalk (a), representing the peduneuli 
olfactorii, suddenly expands into a plump, broad, smooth mass (&), 
showing fiiie form of the chief part of the cerebrum. The maximum 
breadth of .the two hemispheres (fig. I, b) is 95 mm. ; the greatest 
length of each (measured in front from the point where the ventral 
surface of the olfactory peduncles appear to expand into the chief mass 
of &e hemisphere) is 47 mm.; and the maximum depth is 54 mm. 
Each cerebral hemisphere (exclusive of the olfactory peduncle) is 
slightly broader than it is long. 

The two olfactory peduncles are represented in the natural cast by 
a single prismatic process. This extends forward for a distance of 
37 mm. (measured along the dorsal edge) in front of the point where 
the expansion to form the hemispheres commences; and as the 
peduncles are broken across there, it is not possible to estimate their 
total length or the shape and size of the olfactory bulbs. 

The coronal section formed by its anterior (broken) surface gives 
an isosceles triangle with a base measuring 8-5 mm, and sides of 
10 mm. each. It expands as it passes backward, so that at its junc- 
tion with the rest of the hemisphere its sides are each 19 mm. and its 
base 16 mm. in length. 

In the artificial cast (fig. 2) all that represents this extensive 
* * G-eological Magazine/ September, 1901, p» 401. 
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olfactory stalk is an irregular rostrum with two small hoss-like projec- 
tions, one above the other (a and a"). The cerebral hemispheres in 
the natural cast have a broad base, from which the sides extend up- 
ward toward the narrow dorsal surface with a gradual slope. In the 
artificial cast, however, the lateral parts of the hemispheres seem to 
be expanded into full rounded swellings. 

Then, again, the antero-posterior diameter of the hemisphere is 
much shorter (being about 13 mm. less) than it is in the natural cast, 
although the breadth of the two specimens is approximately the same. 



Fra. 1. — ^Dorsal aspect of tlie natural cast described in the text. natural size, 
a, olfactory peduncles; 5, cerebral hemisphere; e, d, cerebellum; e, 
fragments of shull. 

It may be that the anterior parts of the skull, from which the artificial 
cast was made, are so damaged that little reliance can be placed upon 
the mould as an indication of the exact form of the brain. In fact, if 
this artificial east even approximates to the form of the brain, it is 
quite certain that it^did not belong to tte same genus as the animal 
from which the natural cast was derived. 

In other words, as we know that the artificial cast belonged to 
Zmglodcmy tbe probability is that the natural - cast furnishes the first 
evidence of some hitherto undescribed genus of Archaeoceti. 

Behind the which I have just described as the cerebrum, 
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there is (in the natural cast) a large, irregular mass of a very* peculiar 
shape, not exactly comparable to the condition occurring in any other 
brain known to me. 

Immediately behind the hemispheres (h) there is a great transverse 
bar (<j) measuring 125 mm. in the transverse direction — extending, 
on each side 15 mm. beyond the lateral margin of the cerebrum (&). 

Each lateral extremity of this mass (c) is expanded to form a large 
buttress. In the natural cast these buttress-like masses are practically 



Fi«. 2. — ^Dorsal aspect of the artificial cranial cast of Zmglodon. f natural size, 
a, c, (Z, as in fig. 1. a', the dorsal rostrum, and 5', an ixregular boss on the 
cerebral hemisphere. (These are probably due to nnperfections in the 
cranium.) 

vertical, and of uniform thickness ; whereas in the artificial cast they 
are obliquely-placed, and expanded ventrally. In the natural cast the 
mesial continuation of these thick lateral masses (each of which 
measures 30 mm. antero-posteriorly) becomes reduced to a bridge 
measuring only 5 or 6 mm. [the exact figure cannot be stated, because 
a piece of bone (fig. 1, i) partially covers this region]. 

In the deep concavity behind the narrow bridge of the area c (in the 
natural cast) two rounded, irregular, walnut-like bosses project, one on 
each side of the middle line (fig. 1, d). Each of these is 26 mm. in 

2 A 2 
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diameter, and is placed so obliquely that its surface looks almost 
directly backward. Shallow but clearly defined furrows separate 
these two bodies from each other and from the area c. In the artificial 
cast there is only a very faintly-marked indication of these bodies 
(fig. 2, d). 

At a first glance it might seem that they represent the whole cere- 
bellum, in which case c would be part of the cerebrum ! But careful 
examination of the natural cast renders such an interpretation highly 
improbable, and comparison with the artificial cast seems to finally 
establish the belief that the whole of the region marked c forms part of 
the cerebellum. 

It is extraordinarily difficult to accurately interpret this peculiar 
form of cerebellum. A comparison with other primitive types of 
cerebellum* points to the probability that the lateral buttresses of the 
mass c represent the floccular lobes, and that the walnut-like mass (d) 
represents the cerebellar lobule which I have called “area G ” (op, cit,^ 

^ Catalogue,’ p. 211). If it be objected that the lateral buttress-like 
mass is much too extensive to be entirely “ floccular,” attention may 
be called to the fact that in the large aquatic Sirenia, which have 
retained an exceedingly primitive type of brain, the floccular lobes are 
enormous in comparison with those of other mammals (op„ dL, 

* Catalogue,’ p. 346). 

It worid perhaps be difficult to find elsewhere in the mammalia a 
greater coirte^t than that presented by the smooth, reptilian-like 
cerebral hemispheres of these casts and the highly complicated, ultra- 
mammalian neopaliium of the recent whales, both Odontoceti and 
Mystacoceti.f And yet, if we inquire into the nature of the factors 
which have moulded the form and determined the size of the various 
parts of the brain in Eocene times and at the present, the contrast 
between the brain of Zmghdon and the- modem Cetacea loses much of 
its significance, and becomes much less peculiar, even though it may 
not be wholly explained. 

, In most Eocene mammals the cerebral hemispheres were exceedingly 
diminutive in comparison with those of their modern descendants* and 
successors. Moreover, the bulk of the primitive mammalian hemi- 
sphere was composed of those parts (hippocampus and lobus pyri- 
formis), which are pre-eminently olfactory : in other words, the neo- 
pallium that part of the pallium which is neither hippocampus 
nor pyriform lobe) is especially insignificant. It is a well-known fact 
that the sense of smell loses much of its importance in mammals of 
aquatic habits (e,g,, OrniiJm'hynchus, the Sirenia, the Pinnipedia, and 
especially the Cetacea), and in these animals the olfactory parts of the 

* Compare, for example ( * Catalogue of the Eoyal College of Surgeons,^ 2nd 
edition, vol. 2, 1202), Armadillo (p. 211), Tapir (p. 311), Manatee (p. 346). 

t TMe * Catalogue of the Royal College of Surgeons,’ qp. pp. 348—352. 
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brain dwindle to very small proportions. In the Odontoceti the 
olfactory bulb and its peduncle actually disappear. The Archaeoceti, 
therefore, are subject to two factors, which will account in some 
measure for their small cerebrum. For, in addition to the smallness of 
the brain to which most Eocene mammals are subject, there is their 
aquatic mode of life.. This causes a reduction in size of just those 
portions of the pallium which form the greater part of the Eocene 
hemispheres. 

In the modern Cetacea the neopallium attains to the greatest 
absolute size which it ever reaches in any mammal. This fact cannot, 
however, b^ considered fatal to the belief in the close affinity of the 
Archseoceti and the Cetacea, because the extraordinary dissimilarity 
between the brains in the two sub-orders is such as we know to have 
been produced by the operation of well-recognised causes in the 
long lapse of time which separates the dawn of the Tertiary period 
from the present day. In all mammals which lead a life “in the 
open” it has become a condition of their survival that the neo- 
pallium must increase in size in each successive generation : failing 
this, the creature must either adopt a “ retired and safe mode of life ” 
or become extinct. Numerous examples might be quoted in support 
of this hypothesis. But the case of the Sirenia shows us how little 
we really know of the factors which determine the size of the brain. 
These creatures began the struggle for existence in Eocene times with 
relatively large brains, in spite of their aquatic mode of life; and 
they have been succeeded by generations of descendants whose latest 
progeny at the present day have a brain-equipment only slightly 
superior to their earlier Tertiary ancestors {iMe * Catalogue,’ op. city 
p. 344, et seq.). Even if we admit that the. modern Manatees and 
Dugongs lead an eminently safe and retired life, which is in marked 
contrast to the venturesome and “open” life of the whales and 
porpoises, much still remains to be satisfactorily explained. 

Perhaps the most striking feature of the brain of £euglodm is, the 
extreme disproportion between the size of the enormous cerebellum 
and the diminutive cerebrum. In this respect the fossil brain presents 
a most marked contrast to that of all recent mammals, and especially 
to that of the Cetacea. This relatively great size of the cerebellum 
is not peculiar to the Archseoceti, but is common to other extinct 
mammals of large size. In my memoir on the brain in the Edentata* 
the difficulty presented itself of adequately explaining a similar 
phenomenon in Glyptodon ; and it must be borne in mind, in even 
attempting to do this, (1) that the obtrusive greatness of the cere- 
bellum presents itself only in large mammals and not in lowlier 
vertebrates, and (2) that the size of the cerebellum is not proportionate 

* « The- Brain in the Edentata,” ^ Linnean Society’s Trans./ 2nd series, Zoolop^, 
vol. 7, part 7, 1899, p. 381. 
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to that of the cerebrum. In the case of Glyptodon I four years ago 
attempted to explain these facts in this manner. 

The development of the neopallium in mammals opens up the 
possibility of the performance of many more complex lAuscular acts 
than are possible in the Amphibia or Eeptilia: these acts require 
a co-ordinating mechanism, the size of which will be largely determined 
by the bulk of the muscular masses, the actions of which are to be 
harmonised, and the extent of the sensory surfaces which send into 
the cerebellum streams of controlling impulses. A large cerebellum 
is being demanded by a large mammalian body, even if the cerebrum 
is small, I cannot* offer any more satisfactory explanation of the 
magnitude of the cerebellum in Zeuglodmi than this. 

It is clear from the foregoing that the extraordinarily great contrast 
in the appea^rance of the brain of the Archseoceti and that of the 
Cetacea cannot be urged as a reason against their kinship, when it is 
remembered that the operation of known factors is quite sufficient 
to explain the transformation of the one type into the other in the 
time which has separated the Eocene period from the present. 

Having disposed of these negative arguments, we may consider the 
positive evidence for Cetacean affinity in the brain of Zeuglodon, 

The shape of the cerebrum, and especially its relatively great 
breadth, is peculiar. In fact, this form of hemisphere rarely or never 
occurs among mammals, other than the Cetacea. I have elsewhere* 
attempted to explain the shortness of the Cetacean hemispheres 
by the fact that the abortion of the basal (olfactory) parts of the 
cerebrum limits their longitudinal extension. This, however, is not 
the whole explanation, because in many microsmatic Sirenia (Ealicore), 
and Pinnipedia (Otariay- Phoca) the hemispheres • are not especially 
broad. The disproportionate breadth seems, in fact, to be to some 
extent a characteristic of the Cetacea ; and, in this respect, Zetiglodon 
agrees with them. 

The peculiar elongation of the olfactory peduncles beyond the 
anterior extremities of the hemispheres is rarely found in mammals, 
tliough it is common enough in Eeptiles and the Ichthyopsida. 
In fact, the exact parallel to the condition found in Zeuglodon occurs 
among recent mammals only in the Cetacea. t An analogous condition 
IB found in the extinct Lemuroid Megaladapis [described by Forsyth 
Major {(p. at.)] and some Amblyopoda. 

It is not without interest to note that the two outstanding features 
the cerebral hemispheres of the Archseoceti, even if their value as 
indict of kinship be slight, bot!^ find their nearest parallel in the 

* ^Ctodogtie of the College of Surgeons/ op. cit., p. 350. 

t IWl references to this are given by PorsTth Major, *‘On the Brains of Two' 
SnMoesil Malady Lemuroids,'* ‘ Eoy. Soc, Proc.,’ vol. 02, 180/, p. 48, second 
footaiote. . . . 
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Cetacea. There are no characters of the brain of the modern 
Cetacea which can be regarded as certainly distinctive, if we put 
aside such features as the extreme dwindling of the olfactory 
apparatus, and the enormous development of the neopallium. Both 
must be regarded as late acquisitions, not to be expected in an Eocene 
mammal. Under these circumstances these slight points of positive 
evidence of the relationship of the Archaeoceti and Cetacea must be 
allowed some value, as reinforcing the testimony of the skeletal parts. 
. If we seek to institute closer comparisons between the brain of 
ZeicglodoTb and of the Odontoceti and Mystacoceti with a view to the 
determination of its relationships, we are not unnaturally doomed to 
disappointment. It might, perhaps, be supposed by some anatomists 
that the absence of an olfactory bulb in the Odontoceti might point 
to a closer affinity of Zeiujlodm to the Mystacoceti, in which a small 
olfactory apparatus is retained. But there is every indication that 
the olfactory apparatus of the Odontoceti has become aborted quite 
recently. 

Thus in a specimen of the embryonic brain of the Narwhal {Monodtm)^ 
which was given to me some years ago by Professor Howes, the remains 
of the olfactory bulb (fig. 3, 6.o.) are still quite visible as a small umbili- 



Fig. 3. — Y entral aspect of brain of an early f cetus of Monodon, Natural size. 
a.d,, locus perforatus (desert region); &.o., biilbus olfactorius; lobus 
pyriformis. 

cate area in part of the “ desert region ” of Broca (fig. 3, cuL\ 
wherefore it follows that in the early embryo the olfactory bulb and 
pedtinele develop as in all other mammals. Moreover, in all Odontoceti 
traces of the pyriform lobe are found even in the adult ; and in the 
brain of Kogia Gregi the rhinal fissure and the typical (macroscopically 
only) pyriform lobe are retained in a form as clearly defined as that 
of any macrosmatic mammal (fig. 4). Professor Haswell, in describing 
this brain* emphasises the fact that “ the most remarkable feature of 

* W. A. Haswell, “ On the Brain of Orey's Whale {Kogia &regi)^* * Linnean 
Society of New South Wales Proe,,* vol. 8, 1883 (publ. 1884), pp, 437—439, 
pi. XXI. 
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Hie [basal] region, and perhaps of the whole brain, is the great depth 
of the ectorhinsd fissure, a feature marking off the present form very 
strongly from Beljihinm” (p. 438). Since his illustrations do not 
properly delineate this interesting conformation. Professor Haswell 
kindly permitted me to examine his specimen ; and Mr. J. P. Hill has 
made me an excellent photograph (of its ventral surface), roughly 
reproduced in the accompanying drawing (fig. 4). It shows the com- 
plete and quite-typieal rhinal fissure and the characteristic pyriform 
lobe. In its anterior part the rhinal fissure is fully a centimetre deep. 



Fia. 4.— Ventral aspect of left liemispliere of Cogia Gregi, Reduced approxi- 
malelj one-half, corpus striatum (desert region) ; J.o., place occupied 

hy hulhus olfactorius in foetus ; fissura rliinalis anterior ; fissura 

. rhinalis posterior ; lobus pyriformis. 

The exact reproduction of these characters of the rhiiiencephalon in 
an adult anosmatic Cetacean, and the presence of the olfactory bulb in 
the foetal Narwhal, show that these toothed Cetaceans were certainly 
(and probably quite recently) derived from ancestors presenting the 
normal mammalian type of olfactory apparatus. The absence of the 
olfactory bulb and peduncle in the Odontoeeti cannot, therefore, be 
considered a just reason for adopting the utterly-improbable suggestion 
of a n^rer affinity of the Archseoceti to the Mystacoceti than to the 
Odontoeeti, 

Estimated by the amount of sand which it displaced, the bulk of the 
natural cast (including that of a considerable quantity of matrix 
attached to the base of the brain and some small fragments of bone) 
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is 410 c.c. If the necessary corrections and estimations be made from 
this gross cubic capacity, the weight of the brain in the Archseoceti 
must have been considerably less than 400 grammes, and perhaps 
‘nearer 300, as against that of the recent Cetacea, which ranges from 
455 grammes in Kogia (Haswell) to 4,700 grammes in JBalcenqptera 
{Guldberg). 


■^^The DifFerential Invariants of a Surface, and their Geometric 
Significance.” By Professor A. E. Forsyth, Sc.D., F.K.S. 
Received February 14, — Read March 5, 1903. 

(Abstract.) 

The present memoir is devoted to the consideration of the differ- 
ential invariants of a surface ; and these are defined as the functions 
of the fundamental magnitudes of the surface and of quantities con- 
nected with curves upon the surface which remain unchanged in value 
through all changes of the variables of position on it. They belong 
to the general class of Lie’s differential invariants ; and some sections 
of them were obtained about ten years ago by Professor Zorawski, who, 
for this purpose, developed a method originally outlined by Lie. 
Earlier, they had formed the subject of investigations by a number of 
geometers, among whom Beltrami and Barboux should be mentioned. 

Professor ZorawsM’s method is used in this memoir. In applying it, 
a considerable simplification proves to be possible ; for it appears that, 
at a certain stage in the solution of the partial differential equations 
•characteristic of the invariance, the equations which then remain 
unsolved can be transformed so that they become the partial differential 
•equations of the system of concomitants of a set of simultaneous 
binary forms. The known results of the latter theory can then be 
used to complete the solution. 

The memoir consists of two parts. In the first part, the algebraic 
expressions of the invariants up to a certain order are explicitly 
obtained ; in the second, their geometric significance is investigated. 

An invariant, which involves the fundamental quantities of a 
.surface E, F, G, L, M, N (these determine the surface save as to 
position and orientation in space) and their derivatives up to order % 
.as well as the derivatives of functions <f>, of position on the 
surface up to order oi 1, may itself be said to be of order n. The 
invariants up to the second order inclusive are obtained. It appears 
that, if two functions ^ and ^ occur, all the invariants that occur 
up to the second order can be expressed algebraically in terms of 

VOL. LXXI. 2 B 
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29 algebraically independent invariants ; while, if only a single function 
4> occurs, all the invariants that occur up to the second order can be 
expressed in terms of 20 algebraically independent invariants. 

The significance of these respective aggregates of 29 and of 20 
invariants is obtained in connection with curves 

^ = 0 , ^ = 0 , 

drawn upon the surface. The investigation reveals new relations; 
among the intrinsic geometric properties of a curve upon a surface. 
In particular, up to the second order, four such relations exist for a 
single curve ; and their explicit expressions have been constructed. 


The Electrical Conductivity of Solutions at the Freezing-point 
of Water.” By W. C, D. Whetham, F.E.S., Fellow of Trinity 
College, Cambridge. Eeceived February 14, — Read March 5, 
1903. 

The following paper contains an account of experiments which 
bring to greater concentrations the series of measurements on the 
conductivities of dilute solutions at the freezing point, communicated 
to the Eoyal Society in February, 1900.* The work has been carried 
on at intervals during the last two years, and was made possible by 
the kindness of Professor Ewing, who placed a room at the Cambridge 
Engineering Laboratory at the disposal of the writer and his wife. 

The earlier experiments were originally planned in connection with 
the observations undertaken by Dr. E, H. G-rifiGlths on the freezing 
points of corresponding solutions ; they were therefore conducted in a 
platinum cell of design similar to that used by Griffiths, with the, 
object of eliminating any solvent action of glass. Any such action 
would be quite inappreciable at the concentrations used in the experi- 
ments now to be described ; resistance cells of glass were consequently 
used, and the labour of observation was much reduced. 

The structure of the cells is shown in figs. 1 and 2 ; that illustrated 
in fig. 1 was made of Jena glass, and reserved for the more dilute* 
solutions. Each cell is so arranged that by applying a slight exhaus- 
tion, the whole of the contents can be drawn up into a bulb ; by this 
means, when water or stock solution is added, complete mixture can 
be easily secured. The method of preparing the solutions was usually 
the same as that formerly employed; the pure solvent was placed in 
the cell, and its weight and resistance determined ; weighed quantities 

* ‘PHI. Trans./ A, yol. 194 (1903), p, 321. 



333 


1903.] Solutions ai the Freezing-point of Water, 

of stock solution were then added successively, the resistance being 
measured after each addition. When, however, the solutions ap- 
proached saturation, this procedure was reversed ; the stock solution 
was first examined, and was then diluted by a weighed quantity of 
water. 



Fm. 1. Fig. 2. 

(i full size.) (i full size.) 


The resistance cell was placed in a tin bath filled with melting ice. 
At first, a thermometer was inserted in the cell, and the observations 
postponed till its readings became steady at O'* centigrade ; but it was 
soon found that the resistance itself gave a more sensitive and con- 
venient means of thermometry. Measurements were taken at intervals 
till they became constant ; the cell being always completely immersed 
in ice, the result thus obtained shows the resistance at 0°. As an 
example, the following numbers may be given : — 


Time. 

Besistance. 

12.45 

2179 

12.55 

2191 

1.12 

2202 

1.16 

2202 

1.18 

2202 


It was intended to make up the solutions in the resistance cell 
while it was immersed in the ice, but condensation of water from the 
atmosphere was found to occur on the inside of the cold vessel when 
stock solution was added. Before each addition, therefore, the cell 
and its contents were raised to some temperature near that of the 

2 B 2 
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room by standing the cell for a few minutes in slightly wanned 
water. 

The water used as solvent was first boiled, then distilled in glass 
from alkaline permanganate, and finally redistilled in a platinum still 
with a trace of acid potassium sulphate. It was kept in a large stop- 
pered flask of Jena glass till required for the experiments. 

The samples of salt used to make the stock solutions of potassium 
chloride and copper sulphate were the same as those prepared for the 
earlier experiments^ details will be found in the account of those 
experiments to which reference has already been made. In the cases 
of barium chloride, potassium bichromate, and magnesium sulphate, 
the best salt, sold as chemically pure, was obtained, the two salts first 
mentioned being recrystallised before use. Any probable impurities 
would not affect the results to an amount equal to the other errors of 
experiment. 

The measurement of the electrical resistance was performed exactly 
as in the earlier set of experiments. The current from one or two dry 
cells was alternated by means of a revolving commutator, which was 
driven by a hand wheel and cord, the connections of a D’Arsonval 
galvanometer being simultaneously alternated by the same instrument. 
The alternating currents were passed through a Wheatstone’s bridge, 
in one of the arms of which was inserted the electrolytic cell. This 
apparatus worked with perfect success ; its sensitiveness was enough 
to enable readings to be taken to an accuracy varying from one part 
in one thousand to one part in thirty thousand, according to the 
resistance in the circuit. 

The results which were obtained are collected below. In the table 
headed Potassium Chloride I, and in the tables for all the other salts, 
the concentrations, given in the first column under m, are calculated 
in terms of the number of gram-equivalents of salt per thousand 
grams of solution, while, for the sake of comparison, under Potassium 
Chloride II, the conductivities are reckoned per thousand grams of 
water. In the second column under for convenience in plotting 
•curves, are tabulated the cube roots of the concentrations ; the third 
oolumn, B, shows the measured resistances of the solutions; next 
comes him = /x, the equivalent conductivities ; and finally, in the last 
column, are placed the ratios of fj. to its value at infinite dilution, 
which was estimated from the former set of experiments. It was 
thought advisable, in view of the freezing point* observations now 
being conducted in Dr. Griffiths’ apparatus by Mr. T. G, Bedford, to 
include magnesium sulphate in the investigation. This substance was 
not examined in the platinum cell, so that it was necessary to extend 
the experiments to very dilute solutions. This was done in cell No. 1, 
which is made of Jena glass, and therefore is not likely to react appre- 
ciably with a solution of the nature of magnesium sulphate. 
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Potassium Chloride L KCl = 74*59. 

In Cell No. 2, the water used had a resistance of 8 * 3 x 10® ohms at 0°. 


m. 


B. 

Jcjm = ju. 


0-02393 

0*288 

7894 

755 

0*936 

0-04261 

0*349 

4504 

744 

0*922 

0-07924 

0*430 

2475 

728 

0*902 

0-1469 

0*526 

1374 

712 

0*883 

0-2441 

0*625 

835-4 

701 

0*868 

0-4268 

0*753 

484-3 

691 

0*857 

0-6379 

0*861 

325-5 

688 

0*853 

0-8924 

0*963 

232-3 

689 

0*854 

1-0759 

1*025 

191-9 

692 

0*857 


Potassium Chloride II. KCl 

- 74*59. 


m. 


E. 

JcJm a* fi. 


0-02394 

0-288 

7894 

754 

0*934 

0-04275 

0*350 

4604 

741 

0*919 

0-07971 

0*430 

2475 

724 

0*897 

0-1475 

0*528 

1374 

705 

0*873 

0-2486 

0*629 

835-4 

688 

0*852 

0-4408 

0*761 

484-3 

669 

0*829 

0-6697 

0*875 

325-6 

655 

0*812 

0-9575 

0*986 

232-3 

642 

0*796 

1-1697 

1*054 

191-9 

636 

0*789 


Barium Chloride. JBaCl2 = 104*1. 

In Cell No. 2, the water used had a resistance of 8*5 x lO*^ ohms. 


m* 

mi. 

E. 

kjm ~ jjt. 

1*1 1^^- 

0*02040 

0-273 

10856 

644 

0-863 

0*05112 

0-371 

4584 

609 

0-816 

0*1137 

0-485 

2178 

577 

0-773 

0*2377 

0-619 

1095 

549 

0-735 

0*4705 

0-778 

580*4 

523 

0-700 

0*8710 

0-955 

325*5 

504 . 

0-674 

1*741 

1-203 

172*2 

476 

0-638 

Copper Sulphate. 

JCUSO4.5H2O = 124-87. 


CeU No. 2. 

The water had a resistance of 6 * 6 x 10® ohms. 



E. 

kim = jtt. 


0-02174 

0*279 

17173 

382 

0*548 

0-07607 

0*423 

6397 

293 

0*421 

0-2681 

0*645 

2359 

226 

0*324 

0-5608 

0*825 

1313 

193*9 

0*279 

0-8440 

0*945 

951-5 

161*1 

0*231 

1-954 

1*250 

535-7 

136*4 

0*196 
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Potassium Bichromate. ^K 2 Cr 207 = 147 ’3. 

In Cell No. 1, the water used had a resistance of 7*26 x 10^ ohms. 


m. 

irA. 

B. 

kjm = fi. 

/*//“«• 

0-002278 

0-132 

3004 

710 

0-865 

0-006047 

0-182 

1138 

706 

0-860 

0-01475 

0-245 

472-2 

698 

0-850 

0-04019 

0-343 

5240* 

678 

0-826 

0-1010 

0-466 

2202* 

642 

0-782 

0-2577 

0-636 

917-1* 

604 

0-736 

Magnesium Sulphate. 

iMgS04.7H20 = 123' 

■26. 

In Cell No. 1, the water used 

had a resistance of 9-75 

X 10® ohms. 

m. 


E. 

hjm = , 

0 

(X. 

0*00000644 

0*0186 

511000 

702 

0*987 

0*00001398 

0 *0241 

330000 

697 

0*980 

0*00003218 

0*0318 

179200 

687 

0*965 

0*00007707 

0*0426 

84710 

680 

0*955 

0*0003438 

0*0701 

21230 

652 

0*916 

0*001423 

0*113 

5554 

698 

0*840 

0^005030 

0*171 

1881 

613 

0*721 

0*02678 

0*299 

456 

•8 397 

0*558 

Magnesium Sulphate. 

PlgS04. 

7 H 2 O = 123 

•26. 

In CeU No. 2, 

the water used had a resistance of 8 * 7 : 

X 10^ ohms. 

'm. 

m . 

E. 

hl7n — fJL, 


0*04995 

0*368 

8067 

354 

0:498 

0*1158 

0*487 

4083 

302 

0*425 

0*2136 

0*598 

2494 

268 

0*377 

0*3574 

0*710 

1654 

241*5 

0*340 

0*6413 

0*862 

1052*5 

211*6 

0*298 

1*189 

1*060 

682*2 

176*1 

0*248 

1*812 

1*220 

540*8 

145*7 

0*205 

2*642 

1*383 

488*4 

110*7 

0*1556 

3*463 

1*513 

524*1 

78*6 

0*1105 


In order to obtain the most probable results for the ratio of the 
equivalent conductivities to their values at infinite dilution, curves 
were drawn on squared paper between and hjm^ and the smoothed 
readings taken at the required places. It is usual to call this ratio 
the coefficient of ionization, but at the high concentrations here dealt 

^ In Cell No. 2. ^ 
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with, we cannot assume that it really gives the fraction of the number 
of the molecules which are at any moment ionized ; in the light of 
probable changes in the ionic fluidity of the liquids, and of the possible 
^existence of complex ions, such an assumption is clearly unjustified. 
For the sake of convenience, the results previously obtained, as well 
as those of the experiments now described, are collected in the follow- 
ing table : — 


Equivalent Conductivities at 0° referred to the Limiting Value 

as Unity. 

= Number of Gram-equivalents of Solute per thousand grams, of 

Solution. 


m. 


KOI. 

JBaClsi. 

iKsCraO;. 

iCuS 04 . 

iMgS04. 

0 ‘00001 

0‘0216 

1*000 


0*991 

0*998 


0 ‘00002 

0 -0272 

1*000 


0 * 9 S 0 

0*993 

0*976 

0*00005 

0 -0368 

1*000 

0*998 

0*952 

0-981 


0 *0001 

0*0464 

0*999 

0*995 

0*929 

0*967 

0 *950 

0-0002 

0 *0585 

0*998 


0*902 

0*947 

0*932 

0. 0005 

0 *0794 

0*996 


0*880 

0*908 

0*899 

0*001 

0-100 

0-992 

0*969 

0-870 

0-863 

0*864 

0*002 

0-126 

0-987 

0*953 

0*864 

0-807 

0*814 

0-006 

0*171 

0-976 

0*925 

0-863 

0-717 

0-720 

0*01 

0*215 

0*962 

0*896 

0*858 

0‘638 

0*659 

0*02 

0*271 

0*944 

0-864 

0*847 1 

0*557 

0 s *687 

0*03 

0*311 

0 *932 

0*843 

0*834 1 

0*612 

0*545 

0*05 

0*368 

0 *917 

0*813 

0 *815 

0-468 

0*497 

0*10 

0*464 

0 *896 

0-778 

0 *783 

0 *403 

0*435 

, 0-20 

0*585 

0 *874 

0-742 

0*749 

0*348 


0*40 

0*737 

0*858 

0*710 

— 

0*294 

0*322 

0-60 

0*794 

0 *855 

0-699 

— ! 

0*275 i 

0*313 

1-0 

1*000 

0 *856 

0*665 

' — 

2*230 

0*264 

1*2 

1*063 

0*860 

0-657 

— 

0*218 I 

0*248 

1*5 

1*145 

— 


— 1 

0*208 

0-227 

2*0 

1*260 

— 

0*632 

— 

0*194 

0*192 

3*0 

1*442 





0*133 


In the earlier set of experiments, approximate values only were ob- 
tained for the absolute equivalent conductivities, changes in the 
adjustment of the platinum cell between the experiments on each salt 
causing a slight uncertainty in the cell constant, From the values of 
the constants of the glass cells now used, it is possible to calculate 
throughout the whole range of concentration of both sets of observa- 
tions the exact equivalent conductivities of the salts investigated. 
The results are given below, and are expressed in Kohlrausch’s units, 
in which the electrical conductivities, measured in reciprocal ohms, 
are divided by the concentrations of the solutions, measured in gram- 
equivalents per cubic centimetre. 
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Equivalent Conductivities at 0“ in Absolute Units. 

m = number of Gram-equivalents of Solute per thousand grams of 

Solution. 


m. 

wh 

KCl. 

iBaOlj. 

iEjCrsO,. 

iCuS 04 . 

iMgSO^. . 

0*00001 

0 *0215 

807 

746 

813 

696 

699 1 

0*00002 

0 *0272 

807 

746 

804 

692 

694 i 

0*00005 

0*0368 

807 

745 

781 

684 

685 ! 

0-0001 

0*0464 

806 

742 

763 

674 

676 i 

0*0002 

0 *0585 

806 

739 

740 

660 

668 

0*0005 

0 -0791 

803 

731 

722 

633 

639 

0*001 

0*100 

800 

723 

714 

602 

614 

0-002 

0*126 

796 

711 

709 

663 

579 

0*005 

0-171 

787 

690 

708 

600 

612 

0-01 

0*215 

776 

669 

704 

445 

468 

0*02 

0*271 

761 

645 

695 

388 

417 

0*03 

0*311 

752 

629 

685 

357 

387 

0*05 

0*368 

740 

607 

669 

326 

353 

0-10 

0*464 

723 

581 

643 

282 

309 

0*20 

0*585 

705 

554 

615 

248 

270 

0*40 

0*737 

692 

530 

— 

205 

229 

0*50 

0-794 

690 

522 

— 

192 

222 

1*0 

1*000 

690 

496 

— 

160 

188 

1*2 

1-D63 

694 

490 


152 

176 

1*5 

1-145 

— 

481 

— 

145 

161 

2-0 

1*260 

— 

472 


135 

136 

3*0 

1*442 


*“ 
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The Eesistance of the Ions and the Mechanical Friction of the 
Solvent.” By Friede. Kohlrausch, Foreign Member R.S. 
Eeceived February 17, — Bead March 5, 1903. 

(Translated into English for Er. Kohlrauscli by Dr. L. Austin.) 

Messrs. Bousfield and Lowry in their interesting paper, “The 
Influence of Temperature on the Conductivity of Electrolytic 
Solutions,”* have discussed a hypothesis recently advanced by me. In 
this I stated the probability that the conductivities of all aqueous 
solutions approach, with decreasing temperature, a zero value at about 
the same temperature, and that the cause of this phenomenon is to be 
looked for in the disappearance of the fluidity of water. This hypothesis 
was very briefly mentioned, as it were, in parenthesis, in the midst of 
the discussion of the numerical data which formed the main portion 
of the paper,! 

♦ Bausfield and Lowry, ‘ Roy. Soc. Droe./ toI. 70, p. 42, 1902. 

t Rolilranscb, “ Tiber den Temperatureinfliiss auf das elettr. Leitvermogen 
von LSsnngen, insbesondere anf die Bewegliclikeit der einzelnen Xonen im Wasser,?* 
‘ Sitz. Ber. Berlin Akad.,’ 1901* p. 1028. 




1903.] and ilie Mechanical Friction of the Solvent 339 

I beg the honour of laying before the Eoyal Society the following 
more complete consideration of the subject. 

The above-mentioned article had for its object the study, from 
careful measurements made at my request by Mr. D4guisne,* of the 
influence of temperature on completely dissociated, that is, infinitely 
dilute aqueous solutions of strong electrolytes, and the deduction from 
this of the temperature coefficients of the single ions. 

Mr. D4guisne expresses the influence of temperature on the con- 
ductivity K, starting from 18® as a mean temperature, in the form of 
the quadratic interpolations equation 

and shows that this closely represents his observations between 2®* and 
34® C. I shall confine myself to the consideration of this formula. 

(1.) Numerical values . — ^In the table, under A is given the equivalent 
conductivity of infinitely dilute solutions,! then the coefficients a and /? 
for 1/1000 and, for the neutral salts, observed by D^guisne, a also for 




a for 



A. 



/3. 



1/10000. 

1/1000. 


KCl. 

130*1 

0*0216 

0-0217 

+ 0-000066 

KF 

111-8 


226 

069 

EN-Os 

126*4 

210 

211 

062 

E2SO4 

133*4 

223 

223 

077 

KOH 

239 


190 

033 

EH4OI 

130 

219 

219 

068 

EaCl 

109*0 

228 

227 

084 

3SraF 

90*2 : 


240 

100 



105*3 

220 

221 

075 



112*2 

234 

234 

097 

EaCgHsOs 

78*6 

• • 

242 

110 


69*2 


244 

111 

LiOl 

98 *9 


233 

091 

BaCOj 

121 *7 

227 

226 

083 

BaCNOOs 

118*1 

221 

220 

076 

AgNOa 

115 “8 

216 

216 

+ 0 *000067 

HOI 

383 


165 

-0 *000015 

HNO3 

380 

•• 

163 

-0 *000017 


1/10000 normal solutions, corrected by me for the impurity of the 
water. Mr. D4guisne has kindly furnished me with the data regarding 
the water in each of his solutions. After applying these corrections 
the values for 1/10000 and 1/1000 noimal do not continue to show 
the systematic changes, which from the observations appeared to 

* Deguisne, ** Temperatur-Koeffioienten des LeitvermSgens sehr verdiinnter 
■wassriger L^sungen,” ‘ Dissertation, Strassburg,* 1893. 
t Kolilransch u, v. Steinwebr, ‘ Sitz. Ber. Berlin, Akad.,’ 1902, p. 681. 
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make the reduction to completely dissociated solutions very uncertain, 
but now show only differences of irregular sign within the limits of 
the errors of observation. 

From this we may assume that the true values of the coefficients 
for the concentration 1/10000 would be practically the same as those 
for complete dissociation. But, as a matter of fact, in the case of 
such dilute solutions considerable uncertainty underlies the observations 
themselves, on account of the variations of the solutions with time, 
as well as the corrections for the conductivity of the water, on account 
of its magnitude and somewhat uncertain theoretical basis. These facts 
are especially true in the case of the acids. Therefore, the values found 
for the concentration 1/1000, in which these two sources of error need 
scarcely be considered, must be looked upon as experimentally much 
more accurate. Then too, the condition of ionization of very dilute 
solutions of weak salts is always somewhat uncertain on account of 
possible hydrolytic action. In order to treat all electrolytes alike, 

I shall therefore choose the coefficients a and /3 of the concentration 
4/1000. 

The errors which may arise from the fact that these solutions lack 
from 2 to 5 per cent, of complete dissociation cannot at present 
be avoided. Since the values of the constants themselves differ but 
little from those for a concentration of 1/10000, we may assume that 
these errors are not great. The material is not yet complete enough 
to allow the application of the corrections proposed by Mr. Whetham. 
The values may indeed be capable of improvement, but I am of the 
opinion that the following conclusions drawn from them are in the 
main correct. 

In order to fill certain gaps in the series of the coefficients, I have 
added to the electrolytes investigated by D^guisne my own observa- 
tions on 1/1000 normal solutions of potassium and sodium fluoride, 
sodium acetate and lithium chloride. The coefficients here are derived 
only for the temperatures 10“, 18**, and 26**, and will therefore be less 
accurate than in Deguisne’s results, 

(2.) Values of the ConducMvity at Different Temperatures . — My con- 
clusion, that by extrapolating the quadratic formula below 0", the 
conductivities of all electrolytes approach a zero value within a narrow 
range of temperature, rested upon an empirically established connec- 
tion between the coefficients a and I will introduce here, however, 
the more easily followed graphic representation (fig. 1) plotted from 
the single coefficients. The extrapolated portions of all sixteen curves 
converge toward the same region and pass through zero between 
-35** and -41\* 

* NH4CI would nearly coincide with KGl; MgS04 on account of the large 
changes in its coefficient with increasing dilution is uncertain and therefore 
omitted \ it would probably lie near 15'a2S04, 
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VxGt, 1 , 



In regard to the lowest curve, cf. 4. The fact that the greatest differences exist 
for KOH and !KF may he connected with the smaller accuracy of these curves. 
But on this we will lay no stress- 
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(3.) Discussionof Remits.— We ma,y derive from the above fact the 
certainty that the individual differences of the electrolytes come under 
a common law, the degree of accuracy of which must, however, remain 
unsettled. This law I have stated as follows : for dissociated aqueous 
solutions the coefficient ^ of the quadratic member can be approxi- 
mately expressed in terms of the coefficient a of the linear member, in 
the form /? == G (a - A), where G and A are constants common to all 
electrolytes. One sees at once that this law is identical with the 
other ; all curves of the expression (l + at + jit^) pass through the same 
point, having for its abscissa - 1/G.* 

The proposed constants have the following values, taking 18“ G, as 
the point from which the temperature is reckoned, G = 0'0163, 
A = 0*0174. The convergence takes place at the point where 
#-18 = -1/0’0163 = -61, or # = -43°. On account of .the small 
difference between G and A, this point lies not far from the zero axis. 
If 0 and A were identical, the extrapolation according to the quadratic 
formula would show that the conductivity of all electrolytes becomes 
zero at the same temperature. Introducing this critical temperature 
all electrolytes could be nearly represented by a formula containing but 
two individual constants. 

On the one hand, I consider it impossible that the inequality of A 
and G, and the resulting deviations from a common point of converg- 
ence on the zero axis are produced by errors of observation. Even 
the circumstance that we have no completely dissociated solutions can 
scarcely have so great an influence. On the other hand, it appears very 
improbable that the approximate equality of the constants A and C 
is purely accidental. The deduction that the extrapolated curves all 
have a nearly common point of convergence appears to me especially 
worthy of notice in that this point lies approximately at the zero 
value of the conductivity. The importance of this is still more 
increased by the fact that if the mobility of the water particles be 
extrapolated according to the same formula, it becomes zero at about 
. the same temperature {rf. 4). 

(4.) Variations of the Fluidity of Water mth Temperature. --The relations 
which have just been mentioned concerning the motions of the ions 
in water assume a greater interest when they are compared with the 
mobility of the water particles themselves. The fluidity (the reci- 
procal of the viscosity) of water when calculated in the same way as 
the conductivity, with the quadratic formula, is represented by the 
lowest curve. 

That the best observations on the fluidity of water agree excellently 

* The coincidence in the drawing differs a little from this, because each of the 
expressions is multiplied bj its corresponding A. 
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at moderate temperatures with the quadratic interpolation formula, 
already applied by Poiseuille, has long been known to me. The 
literary priority regarding this observation belongs, however, to 
Messrs. Bousfield and Lowry. 

In my calculations I have made use of the values chosen by Mr. 
Heydweiller,* as the most probable between the limits of 0** and 30^. 
These values were selected from different observers, especially Messrs. 
Thorpe and Eodger. Since the constants were calculated for this 
range of temperature, they have practically the same signification for 
the fluidity of water as the former constants for the conductivity. 

The formula 

- 55 -68 + 1 •981^4* 0-0105i{2G.a.S. 
or 

•= 94 • 74 [1 + 0 • 0249 (iJ - 18) + 0 * 000111 (i - 18)2] o.G.S. 

represents the fluidity ^ within the limits of the table, 0“ to 30"*, with 
a maximum error of 1/1000, that is, with about the same degree of 
accuracy as D4guisne’s formula for the conductivity. As far as 90“ 
the error would not exceed 1/100. 

The curve represented in the figure instead of having the factor 
94*74 (which has no reference to the conductivity), was given the 
arbitrary factor 67*0 in order to give the curve the desired position 
close to the lowest curve of conductivity, that of sodium valerate. 

The coincidence of the two curves is striking, indeed the coefficients 
O‘0249 and 0*000111 differ little from those of sodium valerate 0*0244 
and 0*00011 l.t The curves of conductivity are cut by the fluidity 
curve approximately in the same region to which they converge. 
The curve of fluidity passes through zero at - 34“ C.J 

Messrs. Bousfield and Lowry calculated from the measurements of 
Thorpe and Eodger the coefficients 0*0251 and 0*000115. This curve 
differs very little from mine, especially in the neighbourhood of the 
crossing point. 

* Mr. Heydweiller calculated at my request the table for the ‘ Lehrbuoh der 
Praktischen Physik ’ (Tab. 20a, 1901). 

t The same would apply for Deguisne’s observatious on Na 2 HP 04 (0*0241 and 
0*000105) and on 15’aH!C4H404 (0*0241 and 0*000109), which, however, on account 
■of the unknown constitution of these salts in solution, I have left out of account. 

Messrs. Bousfield and Lowry further called attention to the fact that the tem- 
perature change which I have found for ordinary distilled water (practically a 
Tery dilute solution of CO 2 ) corresponds with the temperature change of fluidity. 

J It is also to be mentioned that Messrs. Lyle and Hosking, from their interest- 
ing observations on the viscosity and the electrical resistance of 0*1 to 4 normal 
solutions of NaOl between 0° and 100® draw the conclusion : The curves so 
arrived at are remarkable, in that they indicate that for solutions of the strengths 
experimented with, both the fluidity and the sp. mol. conductivity vanish at a 
temperatm*e of --35°*5 0.” The manner of extrapolation is not dealt with. — 
‘ Phil. Mag.,* May, 1902, p, 496. 
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The fact is therefore established that the temperature change of the 
fluidity of water is nearly the same as that of the conductivity of 
dissociated aqueous solutions of electrolytes which have a la*rge tem- 
perature coefiBicient. Even if nothing more was known than this fact, 
the question of a connection between the electrolytic and the 
mechanical motion in water must be considered a matter for serious 
discussion. 

(5.) Rismssion of the Extrapolation . — Extrapolation of an empirical 
formula over a wide range can never be considered as necessarily repre- 
senting the truth. This is especially true in a case like the present, 
where at low temperatures it is applied to a state of matter other than 
that for which the formula was originally deduced. It is h priori impos- 
sible for the formula to hold where its extrapolation gives to the con- 
ductivity or the fluidity a value zero. Since these quantities are from 
their very nature positive, negative values are physically impossible. 
Therefore the cutting of the zero axis by the curve at an acute angle 
is a prmi inadmissible, just as, for example, the assumption is 
inadmissible that the Joule heating effect is proportional to the current 
strength, or that the kinetic energy is proportional to the velocity. 
A quantity from its nature positive can, as it becomes zero, have a 
finite differential quotient as function of another quantity, only when 
the other quantity cannot vary beyond the critical point. This can 
be considered identical with the impossibility of negative values. In 
reality the conductivity and the fluidity must reach the zero value in 
a curve which is tangent to the axis of temperature. (Becoming zero 
through a discontinuous process as in freezing is, of course, something 
entirely different.) 

Therefore the quadratic formula, in spite of the fact that it shows 
such a remarkably wide range of applicability, must be replaced by 
another expression before the zero value is reached. 

The above explanation shows that my view of the “ critical tem- 
perature ” of the fluidity and the conductivity of water as derived 
from the quadratic formula, does not materially differ from that of 
Messrs. Bousfield and Lowry. This temperature is only a quantity 
by which one constant of the ordinary formula can be replaced ; but 
the importance of the constant now introduced is verified, in that now 
the individualities of the ions, if they do not entirely vanish, at any 
rate disappear except for small differences. Further, the remarkable 
fact follows, that approximately the same constant may be intro- 
duced in the temperature formula of the viscosity of water. This 
number, entering as a temperature, may therefore be called a funda- 
mental constant of water, of course with the reservation which follows 
from the fact that it varies by several degrees in the different cases.* 
(a/. 3.) 

1 ^ The objection that the use of such a constant may be responsible for the 
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(6.) Other Farmulce, — ^Among the former attempts to derive an empirical 
formula from the behaviour in ordinary temperatures, which does not 
h 'priori lose its significance as the conductivity or the fluidity 
approaches zero, that of Slotte, ^ = <^o (1 i^aust be given the 
first place. This has recently assumed a greater importance on account 
of the extensive work of Thorpe and Rodger. Here, in the ease of 
the fluidity, the condition that d<i>ldt = 0 where <5^> = 0 is fulfilled, for 
here everywhere n>l. For the conductivity, however, nothing is 
gained, since in the case of the acids ^^<l, and there dKjdt — oo for 
K = 0; there is, therefore, no object in recalculating our results 
according to this formula. However, in a former paper I have given 
the preference to Slotte’s formula in a remark concerning fluidity. 
To try to bring the coefficients of this formula into a relationship with 
those of the quadratic formula was indeed not allowable. 

(7.) Experimental Indicatiom . — ^The attempt to draw conclusions in 
regard to the region near the zero value from the course of the 
phenomenon in the region where the fluidity &c. have values of 
considerable magnitude, would have, of course, very little prospect of 
success. But perhaps the attempt to follow the fluidity of water or 
the conductivity of dilute solutions down to lower temperatimes would 
be more successful than we think, if made in closed vessels of small 
dimensions. 

Up to the present time we are acquainted only with phenomena 
from which uncertain conclusions from analogy can be drawn. The 
idea may be pretty certainly held as probable, that the viscosity and 
the electrical resistance finally increase more slowly than the quadratic 
formula extrapolated would indicate. In regard to viscosity, I 
remember the investigations of Tammann on the freezing of over- 
cooled liquids, and Ostwald’s observations on salol. The phenomenon 
of the gradual solidification of alcohol at low temperatures also leads 
to the same conclusion. 

Numerous observations of the same kind in regard to electrical 
behaviour are also recorded. The very slow increase of the conduc- 
tivity of glass with -increasing temperature is well known. A quanti- 
tative determination of this has been made by Messrs. Bousfield and 
Lowry. But how far a heterogeneous mixture like glass can be 
considered parallel to a dilute ionised solution is doubtful. In the 
same way, experiments such as those of Lehmann on the electrolysis 

introduction of errors is -without much weight j it is, at any rate, practically the 
same case as that of the gas formula. This is written, making use of the absolute 
zero, vjp ~ const. (jfo + O* where tQ — 273, although it is certain that the result 
'» = 0 for i — — #0 is false, so that the formula must assume another form before 
V approaches its zero value. The constant of the gas formula loses its significance 
at the point where the gas passes into the liquid state. The same is true for the 
temperature constant of the fluidity, which w-e have introduced, when it passes 
out of the liquid state. 
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of solid silver iodide, or those of W. Kohlrausch on its conductivity at 
different temperatures, scarcely form a basis for conclusions in regard 
to solutions in water, particularly as the behaviour of silver chloride 
and silver bromide is quite different from that of silver iodide. 

In addition, it is difficult to compare substances which are so highly 
concentrated, in comparison with ordinary electrolytes, with dilute 
solutions. All these conductivities reduced in the ratio of the con- 
centration, as, for example, the measurements made on hot glass of 
large surface and small thickness by means of the potentiometer, would 
probably have to be considered zero, that is, smaller than the errors 
of observation, in comparison with our dilute salt solutions at moderate 
temperatures. 

Of the greatest interest for our problem are the recently published 
measurements of electral conductivity as far as -70“C., which Mr. 
Kunz* was led to make through my remarks on the relation between 
conductivity and temperature. He was unfortunately unable (as was 
I also) to sufficiently over-cool dilute solutions, and the measurements 
were therefore made on strong solutions of sulphuric acid of at least 
4 gr. equiv./litre. Notwithstanding the fact that no certain conclu- 
sions can be drawn in regard to dilute solutions, Mr. Kunz’s values 
are of suffcient interest to represent graphically. The curves are 
marked with the percentage concentration of the solutions (fig. 2). 


FlO. 2. 



The conductivity of the strongest solutions sinks gradually with the 
temperature, and reaches at -70° a relatively small value. It is im- 
possible to follow the more dilute solutions to so low a temperature on 
account of their freezing. But it is evident from the observations that 
the more dilute they are, the more rapid is the rate of change of the 

* ‘ Comptes Rendns,’ vol. 135, 1902, p, ^88. 
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conductivity, so that it may be supposed that the 19 per cent, solution 
would reach a relatively negligible value at a much higher tempera- 
ture than the stronger solutions, if it were possible to follow it. 

Mr. Kun^ adopts the view that the electrical resistance is due to 
friction. It is his opinion, indeed, that the conductivity would disap- 
pear only at the absolute zero of temperature ; this conclusion can 
hardly be supported by his observations, as his lowest temperatures 
are still -h 200° absolute. 

(8.) The Temperature Goeffidents of the Singh Ions , — For these* I have 
recently published values. It is of importance to us that the tempera- 
ture coefficients of univalent monatomic ions appear to be functions of 
mobility, decreasing as the mobility increases. Complex and multi- 
valent ions as groups deviate from this series, so that in this relation- 
ship we have a new criterion for univalent elemental ions. The largest 
temperature coefficients of the ions approach that of water. 

(9.) The Electrolytic Resistance Considered as Friction of the Solvent — 
In the common view concerning the motion of the ions, an assumption 
is tacitly made which in other cases we do not consider justifiable. In 
the relative motions of adjacent particles we assume a discontinuity 
only in the case of friction between two rigid bodies where this by 
definition must occur. Even here it is impossible to deny that on the 
actual surfaces of contact there may be connected with the motion a 
rubbing away of particles which produces a continuous variation of 
velocity from one to the other. 

When a fluid is in question, whether in contact with another fluid 
or with a solid, we concede no finite variation of velocity in two 
points at an infinitesimal distance from each other. The primitive 
assumption, until recently held to be correct, in the case of mercury 
on glass, that the fluid in actual contact with the solid moved with a 
finite velocity, would demand that the external friction be infinitesimal 
in comparison with the internal. This is now, to the best of my 
knowledge, entirely given up.t The idea of discontinuity, however^ 
we employ in regard to the ions when we think of them as moving 
through the solvent without connection with it. 

In addition to the objection of discontinuity there exist also the 
following difficulties in this assumption. In the first place, it is diffi- 
cult to see how the electrical energy passes into the solvent in the 
form of heat, unless the latter takes part in the motion of translation. 
Further, it seems probable, from the fact of the ionisation of the salts, 

* ‘Sitz. Ber. d. Berlin. Akademie,’ 1903, p. 572. The yalues here giyen are 
strengthened by the fact that a linear connection between a and (c/^ 3) appears 
a 'priori in the case of the single ions as well as in the case of electrolytes. • 

t Comp. Warburg, ‘Pogg. Ann./ yol. 140, 1870, p. 379. The “slipping” of 
rarefied gases on solid surfaces, established by ELundt and Warburg, being a 
separate phenomenon, need not be considered here. 

VOL. LXXI. 2 C 
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that forces must exist between the ions and the water. Ciamician,* 
twelve years ago, concluded that this must lead to the hypothesis of a 
water-shell about the ion. The attempt was also made to measure 
this hydration, by using a method proposed by Nernst. 

We may, therefore, look upon it as probable that the moving ion 
carries with it a mass of adhering solvent, just as a moving immersed 
solid carries with it a portion of the liquid, and we will endeavour on 
this basis to construct a new representation of electrolytic resistance. 
According to this the mechanics of electrolysis assume an appearance 
quite different from the old hypothesis of isolated ions. The resist- 
ance to motion takes place not directly between the solvent and the 
ions, not between H 2 O and K or 01, &c., but it is a phenomenon of 
friction between the particles of the solvent itself, modified by the fact 
that the accompanying shell of solvent may be thin enough to allow 
the ion to act through it, to a certain extent, upon the‘ outer liquid. 

It is impossible at first to make anything more than this rough 
sketch of the hypothesis, and the more so, as the expressions “ continu- 
ous ” and “discontinuous” must be especially defined if we are to apply 
them to molecular processes. The expression “continuous” stands 
from its very nature in contradiction to the atomic or molecular 
hypothesis ; and in the case of solutions, and especially in electrolysis, 
a molecular representation seems to be the only one which is scientific- 
ally thinkable. 

I hardly need after this to say that in our hypothesis we shall not 
claim to be able to differentiate strictly between the outer portions of 
the solution and those parts which have separated themselves from the 
rest as the accompanying atmosphere of the ion, A continuous change 
in the condition of motion from the moving ion to the solvent con- 
tradicts a strict differentiation. Fundamentally, however, the same is 
true for all atmospheres, even for that of the earth. 

For the sake of brevity, we will retain the expression that an 
atmosphere of the solvent takes part in the motion of the ion. In the 
light of this hypothesis, I believe that all the phenomena which have 
been here described become so much clearer that this fact itself 
serves as a remarkable experimental support of the hypothesis. 

(10.) Hypotheses and Conclusions.— The hypotheses are : About every 
on moves an atmosphere of the solvent, whose dimensions are deter- 
mined by the individual characteristics of the ion. The atmospheres 
of multivalent or compound ions- differ from those of monatomic ions. 
Data are at present lacking for a more detailed representation. 

The electrolytic resistance of an ion is a frictional resistance that 
increases with the dimensions of the atmosphere.! The direct action 

* Zeitsclir. f. physikal. Chem.,’ vol 0, 1890, p. 405. ■ 

t Tlie resistance of a sphere is proportional to its radius. Kirchhoff, ‘ Vorles, 
iib matiL. Physit./ 1, 380, 1897 (herausgegeben von "W. Wien). 
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between the ion and the outer portion of the solvent diminishes as the 
-atmosphere becomes of greater thickness. 

ConclusioTis, — {a,) The electrical resistance of an ion, expressed in 
mechanical units, must be of the same order of magnitude as the 
mechanical frictional resistance of a molecule of the solvent ; a law 
whose assumption, as I some time ago showed, “leads to an expression 
for the distance between the molecules which is comparable with the 
usually accepted views in regard to this quantity.”* 

(b,) The empirically discovered law that the temperature change of 
the resistance of the most sluggish ions is very like the temperature 
•change of the viscosity of water, becomes now understandable. For 
ions of large resistance we must assume that the atmosphere is of 
considerable thickness, and hence the action of the ion itself on the 
outer portion of the solvent will be small. As a limiting case, for a 
very sluggish ion there will be only the friction of water against water, 
-and the electrolytic resistance will have the same temperature coeiii- 
oient as the viscosity of water, provided that the atmosphere itself 
'does not change its dimensions with the temperature. If, ho^vever, 
the atmosphere become, for example, smaller with increasing tem- 
perature, the temperature gradient of the conductivity might be 
greater than that of the fluidity. According to the observations now 
•at hand, this would seem to be the case for the slowest moving 
univalent ion Li. Even here, however, the differences scarcely exceed 
the errors of observation. 

(r.) I now come to the remarkable relationship between the mobility 
of the ions and their temperatm*e coeflicients, which was mentioned in 
Section 8. This first led me to seek a general explanation for the 
electrolytic resistance in the idea of a water atmosphere, in order to 
escape being compelled to explain this otherwise unreconcilable funda- 
mental characteristic of the ions as a deiis ex machina. 

Assuming as the single fundamental characteristic of each univalent 
monatomic ion the formation of a water atmosphere which varies 
.according to the nature of the ion, the mobility of this complex on 
the one side, and its temperature coefficient on the other, will be 
functions of these atmospheric formations, and therefore both 
•quantities must hold functional relations to each other. We know 
too little of the molecular forces at present to attempt to describe this 
•connection more exactly. But for the case in which the water shell is 
so thick that the ion exerts no force beyond it, the resistance to motion 
becomes simply a matter of water friction, which explains the fact 
'that the most sluggish ions have nearly the same temperature 
coefficients as the viscosity. In the case of smaller aggregations, 
we must remain cor^tent with the fact that we have at least the 
possibility of a fundamental explanation. 

* * Gcttniger Nachricliten/ 1879, p. 1. 
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There are two experimental questions which are of importance 
although difficult to answer : first, whether the functional relationship i^ 
exact or only approximate, and second, whether the positive and 
negative ions are fully identical in regard to this relationship. 

That the non-elementary ions also show as their greatest temperature 
coefficients that of water friction, but that they as groups differ from 
the elementary ions, is to be expected. The latter fact cannot be 
quantitatively explained. Here also it will be necessary to wait for 
more exact experimental data to settle the question. 

(d.) Finally, the indication of -the temperature formula that the 
mobility of all the ions converges towards zero (c/. 2 and 3) at about 
the same temperature, is a logical result, if the electrolytic resistance 
is in reality a mechanical friction. The fact that the formula for the 
fluidity of water takes part in this convergence, gives the hypothesis 
further support. 

It does not seem at all impossible that the deviations from a strictly 
common ^ero point, found in extrapolating the different formulae, have 
a systematic cause. These divergences seem to indicate that the 
more mobility an ion shows at ordinary temperatures, the more slowly 
relatively it loses the residue of its mobility as the solvent becomes 
more viscous. The mobility of the water molecules themselves 
becomes small at a comparatively high temperature, where such ions 
as K, 01, NOs, SO4, and even more, OH and H still possess a con- 
siderable residue of electrolytic mobility. Such a relationship does not 
s^em at all improbable. ' 

In the foregoing pages I have sought to find a cause for the electro^ 
lytic resistance in the single fundamental characteristic of the ions, 
their hydration, that is, their ability to form atmospheres from the 
solvent. These views form a hypothetical sketch for the completion 
of which much is still wanting. It appeal’s to me, however, complete 
enough to invite one to its experimental or theoretical continuation. 
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Upon tlie Immunising Effects of the Intracellular Contents of 
the Typhoid Bacillus as obtained by the Disintegration of 
the Organism at the Temperature of Liquid Air.” By Allan 
Macfadyen, M.D. Communicated by Lokd Listek, O.M., 
F.E.S. Eeceived February 19, — Eead March 12, 1903. 

In a previous communication* it was shown that it was possible 
to disintegrate mechanically the typhoid bacillus at the temperature 
of liquid air, and to obtain the cell-juices of the organism. 

The typhoid cell-juices obtained by this method on inoculation into 
animals proved toxic or fatal. It was, therefore, concluded that the 
typhoid bacillus contained within itself an intracellular toxin. 

It remained to test the typhoid cell-juices for immuninising and 
other properties. The preliminary experiments in this direction, 
which form the subject of the present note, were made, upon the 
monkey. The monkey was selected as an animal most likely to 
furnish data of possible application to man. For this purpose the 
* typhoid cell-juice was administered subcutaneously to the monkey. 
The injections did not produce any general symptoms beyond a 
transient rise in temperature, whilst the material was quickly 
absorbed after each injection without any traceable local effect. In 
this manner doses of 0*5 to 1 c.c. of the material were injected at 
intervals. An immediate result was the agglutination of the typhoid 
bacillus by the serum of the blood of the treated monkeys, whereas no 
such effect was produced by the serum of monkeys which had not been 
treated. This furnished useful evidence that the animals were under 
the influence of cell-juices derived from the typhoid organism. The 
injections were repeated at intervals of three to four days, and after a 
lapse of four to six weeks the animals were bled. The serum obtained 
was then tested for immunising properties. The test objects w^ere 
(1) a virulent culture of the typhoid bacillus, and (2) the intracellular 
toxic juice of the same organism. A varying amount of the virulent 
bacilli and of their toxic cell-juice was mixed with a varying quantity 
of the serum. The respective mixtures were then injected into the 
peritoneal cavity ' of the guinea-pig. 

The broth cultures of the typhoid organism used in the experiments 
\yeTeper se lethal in doses of 0*1 c.g. in five to ten hours. The typhoid 
.cell-juices were fatal in doses of 0*2 and 0*1 c.c, in three to five hours, 
^nd in doses of 0*05 c.c. in about twelve hours. The serum was thus 
tested for (1) specific antibacterial and (2) specific antitoxic properties. 

The experiments showed that the serum of the monkey, after injec- 
tions of the typhoid cell-juices, possessed antibacterial and antitoxic 


* ‘ Koy. Soc. Proc,,’ sifjpra, p. 76. 
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properties, inasmuch as the serum protected the experimental animals^ 
against the bacilli, and also against an intracellular toxin obtained, 
from them. 

A simultaneous injection of (1) serum with the bacilli, and (2) serunr 
with the toxic cell-juice produced no lethal or toxic effects. The 
control animals, on the other hand, inYariably succumbed. 

It was further investigated whether the serum possessed preventive 
and curative properties. The serum from treated monkeys was injected 
into guinea-pigs, one injection being made in each instance, and the 
same animals received at an interval of 12 to 24 hours lethal doses of 
the typhoid bacillus and of its toxic intracellular juice respectively,. 
The treated animals survived the test, whflst the control animals^ 
succumbed. It was therefore concluded that the serum had protective* 
properties. 

A third series of guinea-pigs received lethal doses of the typhoid 
bacillus and of its toxic cell-juice respectively. The serum was then 
injected at various intervals into individual animals. It was foundl 
that the lives of the animals could be saved by one injection of the serumi 
from a fatal infection or intoxication, even when half of the lethal periodi 
had elapsed in each instance. The serum, therefore, possessed curative- 
properties. 

In view of the above results it appeared desirable to test the effect 
of the typhoid cell-juices upon animals larger than tHe monkey, in. 
<H:der that a greater amount of serum might be obtained conveniently 
and tested quantitatively as regards antibacterial and antitoxic pro- 
perties. These experiments are at present in progress, and the results 
will be communicated in due course. 

From the experiments made upon the monkey it would appear : — 

(1.) That by the injection of the intracellular juices of the typhoid 
organism into the monkey it is possible to obtain a serum -with both 
antibacterial and antitoxic properties. 

(2.) That such a serum possesses curative and preventive properties^ 
as regards the typhoid bacillus and an intracellular toxin present in the^ 
same organism. 

It is believed that this research has afforded for the first time proof 
that, in the case of one species of pathogenic bacterium, the intracellular 
juices of the organism, when injected into a suitable animal, give rise- 
to the production of a serum which is both bactericidal to the organism 
itself and antitoxic as regards a toxin contained in its substance. How 
far such properties of the cell-juice are shared by other pathogenic* 
microbes must be the subject of further inquiry. 

Experiments have been undertaken, with the aid of the cold-grinding 
methods referred to, with reference to other cells and organisms at the 
Jenner Institute of Preventive Medicine, where the above investigation 
has been conducted. 



1903.] On the Histology of Uredo dispersa, Urilcss., etc. 


353 


On the Histology of Jlo'edo dispersa, Erikss., and the ' Mycoplasm ' 
Hypothesis ” By H. Marshall Ward, Sc.D., F.E.S., Pro- 
fessor of Botany in the University of Cambridge. Eeceived 
February 13, — Bead March 12, 1903. 

(Abstract.) 

The paper deals with a detailed study of the histological features of 
the germination, infection, and growth of the mycelium of the Uredo 
in the tissue of grasses. Primarily, the figures refer especially to the 
Uredo of Pucdnia dispersa in the tissues of Bromus secaliniis, but com- 
parisons are made with the behaviour of this and other Uredineae — 
e,g., Puccinia glumanm and P. graminis — in the tissues of other grasses 
and cereals. 

The research, which has been carried on over a year and a half and 
has involved the preparation and microscopic examination of thousands 
of sections, is principally based on the application of improved 
hardening and staining methods to preparations from tube cultures of 
the grasses concerned, the leaves of which were infected at definite 
spots. These tube-cultures were prepared according to the method 
previously described,* At definite intervals after sowing the spores — 
e.g., after 1, *2, to 6 and 8 days — the infected areas were removed 
and placed in fixing solutions, and the life-history of the fungus 
traced step by step, and controlled by reference to uninfected areas. 

The fidl paper is illustrated by numerous figures, and deals with 
the behaviour of the nuclei, vacuoles, septa, branches, haustoria, and 
other details of the hyphse up to the commencement of spore- 
formation. 

The relations of the hyphee and haustoria to the cell-contents of 
the host are critically examined, and the cumulative evidence not only 
fails to support Eriksson’s Mycoplas^n hypothesis ; but is completely 
subversive of it, so far as histological facts are concerned. 

Eriksson’s hypothesis, which refers the epidemic outbreaks of rust 
to the sudden transformation into the mycelial form of a supposed 
infective substance, previously latent and invisible in the cytoplasm of 
the host, is shown to be untenable because the corpuscides spkiaux of 
this author are proved to be the cut-off haustoria of the fungus. 

Eriksson supposes that these cmpusciiles (haustoria) are formed by 
the hitherto latent germs in the host-cells, growing up in the cells 
into vesicles, which then pierce the cell-walls and give rise to byphse 
in the intercellular spaces. 

The present paper shows that Eriksson has entirely reversed the 

* “ On Pure Cultures of a XTretTine, Puccinia dispersa (Erikss.)*’ * Roy. Soc. 
Proc.,’ 1902, Yol. 69, p. 461. 
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true order of events. The haustoria have been formed by the hyphae, 
and figures are given showing every stage in their development. The 
first haustorium may be formed by the infecting tube immediately 
after its penetration through the stoma, and figures are given showing 
the remains of the germ-tube outside a stoma, the swelling of its tip 
over the stoma into an appressorium, the passage through the stomatal 
cavity, and its development into a vesicular swelling whence the true 
infection tube arises, which latter may at once put forth a haustorium. 
In some cases all these latter phenomena are visible in one and the 
same preparation. 

The author expresses his thanks to Miss E. Dale, of Girton 
College, for valuable aid during the later stages of the work, in the 
embedding and cutting of numerous sections. 


“ The QEstrous Cycle and the Formation of the Corpus Luteum in 
the Sheep.” By Francis H. A. Marshall, B.A. Communi- 
cated by Professor J. 0. Ewart, F.K.S. Deceived Febru- 
ary 17, — Bead March 12, 1903. 

(Abstract.) 

Introdvdim, — A preliminary account of this investigation was 
communicated to the Eoyal Society in 1901, and published in the 
Proceedings for that year. Subsequently the work has been carried 
further, and recently brought to a conclusion. 

The (Esfrous Cycle, — In Scotch black-faced sheep the length of the 
sexual season is shown to vary with the locality, both in regard to the 
number of dioestrous cycles in a season, and to the duration of each 
cycle. It is shown further that there is a perfect gradation between 
the monoestrous condition of some wild sheep to the extreme poly- 
oestrum of certain Merinos. 

Superficial Phemmeim of Prorntnim and (Estnis, — The prooestrum is 
marked by a mucous or sanguineo-mucous flow. It is very rapidly 
sueceeded by oestrus (the period of desire), the two periods fre- 
quently seeming to occur simultaneously, but this is because of the 
abbreviation of the process. 

The Histology of the Uterus during the Diceshmis Cycle, — The changes 
through which the sheep’s uterus passes during a single dioestrous 
cycle can be divided into four groups or periods, as follows: — 
(1) Period of rest; (2) Period of growth and increase of vessels; 

(3) Period of breaking down of vessels and extravasation of blood ; 

(4) Period of recuperation and pigment formation. Bleeding into the 
uterine cavity and at the external genital aperture does not always 
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•occur. The extravasateci blood retained in the mucosa forms pigment, 
the change being effected by the agency of leucocytes, as supposed by 
'Bonnet, but not by Kazzander. But the extravasation occurs in the 
.superficial part of the mucosa. Miniature lacunae are sometimes 
-formed after extravasation, . The severity of the prooestrous process 
tends to diminish with each successive diosstrous cycle in a season. 
There is never any removal of stroma and not necessarily of epi- 
thelium. 

The facts recorded render the homology between the dicestrous 
cycle in the sheep and the menstrual cycle of the Primates very 
probable, while further statements regarding the author's researches 
on the ferret, with which the prooestrum in regard to severity is inter- 
imediate between that of the sheep and menstruation in monkeys, 
afford additional evidence of the identity of the two processes. 

Omdation, with Notes on the Atretic Follicle and the Causes of Barren- 
ness . — Ovulation can occur spontaneously at any cestrous (or pro- 
oestrous) period with Scotch black-faced sheep, excepting at certain 
oestri outside the regular sexual season, when the additional stimula- 
ition supplied by coition may be necessary. In the ferret, ovulation 
•does not occur in the absence of coition, without which the follicles 
lundergo atresia. In the sheep, atresia is commonest in follicles of 
about one-eighth to one-half the dimensions of the mature follicles. 
When it occurs with any considerable frequency, it must affect the 
barrenness percentage in subsequent breeding seasons. The atretic 
follicle differs from the developing corpus luteum in the absence of any 
discharge to the exterior, the membrana granulosa degenerating and 
disappearing prior to any considerable ingrowth from the connective 
tissue wall. 

The Fm'mation of the Corpus Luteum , — The lutein cells are derived 
from the membrana granulosa, while the connective tissue element 
is supplied by the proliferation and ingrowth of the thecae interna 
■and externa, as described in the preliminary communication. Leuco- 
cytes are abundant, especially at the sixteen-hour stage of develop- 
ment, but these disappear in later stages without giving rise to 
connective tissue as described by Sobotta. The cavity of the dis- 
charged foUicle is filled in by the further ingrowth of connective 
“tissue. 
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“On the Culture of the Mtroso-baeterium.” By H. S. Feemliu, 
Lymph Laboratories, Chelsea Bridge. Communicated hy Sir 
Michael Foster, K.C.B., Sec. E.S. Eeceived February 23, — 
Bead March 12, 1903. 

(Carried on at Westminster Hospital Medical Scliool and tlie Jenner Institute o£ 
Preyentive Medicine.) 

My object ia undertaking this work was in the first place to obtain 
a pure culture of the nitroso-bacteriuni ; in the second place to discover 
whether it really was a fact that this species was unable to grow in 
the presence of organic matter, as stated by Winogradsky.* 

My experiments with the nitroso-hacterium appear to show that ; — 

1. A practically pure culture of the hacterium can be obtained 
after suh-culturing for 7 months in Winogradsky’s ammonia solution. 

2. That the nitroso-hacterium will grow in this solution in the 
presence of organic matter. 

3. That the nitroso-hacterium will grow not only on silica jelly, hut 
also in any ordinary organic medium. 

In the course of these experiments pure cultures were again and 
again obtained hy plate cultivation from a great variety of artificial 
media. Single colonies therefrom were sub-cultured, and these were 
commonly competent to convert ammonia in a solution into nitrous^ 
acid. I infer, therefore, that there are not two separate and distinct 
species of bacterium, morphologically similar, and able to persist side* 
hy side indefinitely in inorganic solutions apart altogether from other 
bacteria, the one able to convert ammonia into nitrous acid and 
cultivable only in special media, the other growing on ordinary media 
hut with no ability to convert ammonia into nitrous acid. 

The purpose of my paper is to show that I have been dealing witb 
a single species of hacterium, which is not only able to oxidise ammonia 
hut is capable also of growing in ordinary organic media. 

The solution used by Winogradsky for growing the nitroso-hacteriumj 
consists of water containing 1 per 1000 ammonium sulphate, 1 per 1000» 
potassium phosphate, and 1 per 100 magnesium carbonate. The car- 
bonate solution is sterilised separately, and added to the solution of 
salts after sterilising, to prevent chemical decomposition. 

This solution I have continued to use all through the work, and in 
this paper it will be referred to as the “ ammonia solution.” It has» 

* Ifc was in 1895 that, in yiew of Winogradsky’s work, I commenced thesc- 
investigations. Since that date, and while my own research has been in progress, 
I have studied, in their hearing on the subject of my labours, a number of papers- 
in various journals by a number of observers, whether in criticism or in support 
of Winogradsky’s thesis, as will be seen on reference to my “ full ” paper. 
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always been tested for the presence of oxides of nitrogen, and a 
control set up when batches of the solution were inoculated. 

The presence of nitrites was judged by a solution of diphenylamine- 
in sulphuric acid, Ilosvay’s solution being used as a control when 
necessary. 

When I commenced work I obtained cultures of the nitroso- 
bacterium by inoculating ammonia solutions with small quantities^ 
0*2 gramme or less, of various kinds of soil ; rich garden soil, humus,., 
sand, &c. Tubes of ammonia solution so inoculated were kept at 
room temperature and placed in a dark cupboard in order to avoid 
exposure to light. 

The evidence of the growth of the nitroso-bacteria was found in the- 
conversion of the ammonia in the solution into nitrous acid. This is 
at first a slow process and does not commence in the tubes for somo- 
3 weeks as a rule ; usually it requires another week or two to bo 
completed. 

I inoculated ammonia tubes with soil 43 times. Of these 70 per- 
cent. showed oxidation of the ammonia. 

Gelatine plates poured from these tubes showed moulds, yeasts^, 
liquefying and non-liquefying bacteria, and also a micro-organism 
morphologically similar to the nitroso-bacterium. 

Ist Dilutions . — From the ammonia tubes which showed oxidation 
sub-cultures were made in like media. Of these 77 per cent, showed 
nitrites. This occurred in 8 weeks. 

2nd Dilutions . — ^From the first dilutions sub-cultures were made.. 
Of these 85 per cent, showed oxidation in from 2 to 3 months. 

3rd DUidions . — ^From the second dilutions sub-cultures were made.. 
All these showed formation of nitrite in one month. 

4:th Diltdions. — Sub-cultures from the third dilutions exhibited for- 
mation of nitrite in 93 per cent, of the tubes inoculated. These, as a 
rule, required 6 weeks before this was completed. 

6th Dilutions. — Sub-cultures were made from the fourth dilution 
tubes. Of these 77 per cent, showed the formation of nitrite ; the 
time required being 2 months. 

With regard to the microscopical specimens made from the several 
tubes; the 1st, 2nd, and 3rd dilutions showed, associated with the- 
nitroso-bacterium, rod-shaped micro-organisms, in gradually diminish- 
ing numbers in succeeding dilutions. The 4th and 5th dilutions gave- 
almost pure culture of the nitroso-bacterium apparently* 

Ammonia Solution containing no Carbonate. 

A medium containing simply ammonium sulphate and potassium 
phosphate was tried. 

The nitroso-bacterium was able to grow in this, and to produce 
nitrite ; but the micro-organism did not develop in sub-cultures. 
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Liquid Media containing Organic Matter. 

_ I made a series of experiments with “ ammonia solutions ” contain- 
ing peptone beef broth, Witte’s powdered peptone, and urea. 

Beef Broth 

^s was added in quantities varying from 1 in 11000 to 10 in 100 
Cultiires of_ nitroso-bacteria grew well when inoculated from 
inorganic solutions into the lower percentages of beef broth and on 

their lutnficatipn. If cultures of nitroso:bacteria were taken from 
inorganic solutions and placed directly into solutions containincr beef 
broth to the extent of 1 in 1000 they failed to show oxidation. ° 

Pejptone, 

was used in solutions containing 1 in 11000 and'l in 5000 
ihe nitroso-bactenum was able to grow in these solution«’. ,>■. 

■ development being satisfactory, as shown by the formation of nitrite. 

Urea, 

IWO I™* ‘'O” 1 to 

The nitroso-bacterium although developing in the nresenee of emoii 

th experiments show that the nitroso-bacteria can grow in 

the presence of organic matter. The addition of smaU quantities S 

^la If they are introduced directly from soil, or from inorganic 

The es^riments also show that, where nitroso-bacteria have oxidicp^ 

■ ^onia in solutions which contain small quantities of organic matter 
they are able to continue this work when transferred Z tZtZTnf 
amounts of organic matter that entirely arrest 
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On the Culture of the Nitroso-hacterium, 

Isolation of the Nitroso-ladermm, 

Plate Cultures. 

In carrying out the work of isolation of the nitroso-bacterium I 
made plate cultures containing silica, gelatine, and agar media 
respectively. 

Silica Plates. 

I found that numerous species of micro-organisms grew on this- 
medium, and that, therefore, it was necessary to use what seemed to» 
be pure cultures of the nitroso-bacterium, as this species does not 
form colonies rapidly, and is liable to be smothered by the more- 
quickly-growing bacteria if one attempts to isolate the nitroso- 
bacterium from soil or a very impure culture. The nitroso-bacterium 
grows well in this medium, and in one instance I was able to remove- 
a single colony which oxidised the ammonia in a solution. From this 
culture inoculation was made into beef-broth agar, and plates poured.. 
These plates grew large numbers of colonies in pure cultures. 

. Numerous colonies were taken from silica plates and grown on beef- 
broth agar, but such growth transferred to ammonia solutions did not 
produce nitrification. This being the case I thought that probably 
the micro-organism had lost its power of oxidising the ammonia, so- 
that 1 tried to devise a means by which this function might be re- 
established j and for this purpose the micro-organism was placed in as 
natural surroundings as were attainable. The following was the 
method adopted. A single colony was taken from silica plate and 
inoculated on to sloping beef-broth agar. After growing there it was. 
transferred to a sterile ammonia solution ; this was allowed to filter- 
daily through sterile soil, thus allowing of aeration of the growth 
whilst in its natural surroundings. This experiment succeeded, nitrite- 
being formed in 10 weeks. A control filter showed no change. 

Gelatine Plates. 

Winogradsky states that the nitroso-bacterium does not grow on 
gelatine ; so that, in the first place, the method that he advocates to- 
obtain a pure culture of nitroso-bacteria was adopted. 

Particles of magnesia were removed from an oxidised ammonia 
solution and sown on to gelatine plates. Now if these particles carried 
nitroso-bacteria alone there would, if Winogradsky be correct, be no- 
growth, and such a particle showing no growth could be removed and 
reinoculated into an ammonia solution, and thus a pure culture 
obtained. But I found that around particles so inoculated into gelatine, 
colonies invariably occurred. It was noted that these colonies were in 
piu'e culture and were made up of an oval organism that was morpho- 
logically similar to the nitroso-bacterium. 
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Secondly, gelatine plates were poured from oxidised ammonia solu- 
tions ; these also gave the same species of micro-organism, often in 
practically pure culture. From one such plate a piece was removed, 
;and in an ammonia solution it produced oxidation. This oxidised 
•ammonia solution again yielded the same species on gelatine plates. 

Gelatine media prepared from divers soils and inoculated with 
-oxidised ammonia solutions, exhibited the same species of micro- 
-organism. 

Hence it is to be inferred that, either the nitroso-bacterium grows 
•on gelatine, or that an organism morphologically similar occurs in the 
:same inorganic solutions with the nitroso-bacterium and thrives like it 
in inorganic solutions. 

To arrive at some definite conclusion on this point further experi- 
uneiits were made with agar plates. 


Agar Plates. 

In commencing my researches with Agar, beef-broth agar was used. 

Beef-h'oth Agar. 

Plates of this medium, inoculated from cultures containing nitroso- 
bacteria gave similar results to those with gelatine ; that is to say, 
■micro-organisms, morphologically similar to the nitroso-bacterium, 
grew well on agar, as they had done on gelatine. 

Pieces of these plates showing colonies were on fifty -three occasions 
inoculated into ammonia solutions; of these fifty-three solutions 
twenty showed formation of nitrite. 

Pieces of such plates, on which no colonies were found, were in 
nineteen, instances inoculated into ammonia solutions. In no case did 
the formation of nitrite occur. 

Hence we have : — 


Agar Plates with Colonies. 

Inoculated. Oxidised. 

53 20 

Agar Plates without Colonies. 

Inoculated. Oxidised. 

19 0 

I also made numerous experiments with a medium which I term 
ammonia agar.” This consists of ; — 

Ammonium sulphate, I gramme. 

Potassium phosphate, 1 gramme. 

Distilled water, 1 litre. 
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The salts are dissolved, and agar added to per cent. ] the whole 
being boiled up and prepared as ordinary agar. Magnesium carbonate 
is added after sterilisation. 

As will be seen, this agar corresponds in composition to the ammonia 
solution used for the ordinary cultures, save for the presence of the 

per cent. agar. It has a slightly lower melting and coagulation 
point than bouillon agar. 

I have poured over 100 plates of this medium. It grows the nitroso- 
bacterium well, oxidation of the ammonia in the plate occurring within 
2 months, as a rule, after inoculation with oxidised ammonia solutions. 

All plates that showed oxidation of the ammonia contained large 
numbers of colonies of apparently the same bacterium. This organism 
being oval in form, and associated with the formation of nitrite, and 
being often almost or altogether in pure culture, must be considered 
to be the nitroso-bacterium. It occurred in the dilution plates in all 
instances. Nevertheless but few of these showed oxidation of the 
ammonia. 

The following table gives results obtained : — 



Plates, number 
looured. 

N umber sb owing 
oxidation. 

Original • • . . 

26 

22 

First dilution 

26 

3 

Second dilution 

26 

1 


This shows that unless the colonies were numerous nitrite was not 
iormed. 

In one instance a single colony taken from an ammonia agar plate 
and placed on sloping ammonia agar formed nitrite in 9 months. Plates 
•of beef-broth agar and gelatine poured from this culture grew enor- 
mous numbers of the colonies. These colonies develop both at room 
temperature and 37® C. At room temperature, after 6 days, the 
•colonies appear to the naked eye as white iridescent growths varying 
in size. Some days later they become lemon coloured, and finally 
yellow. Under the microscope they were seen to be made of micro- 
organisms corresponding to the nitroso-bacteria. 
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''The Statolith-theory of Geotropism.” By Fuancis Darwin^ 
M.A., M.B., F.Pi.S. Eeceived March 6, — Bead March 12^ 
1903. 

To make clear the point of view from which the experiments here* 
recorded were undertaken, a few words on the modern theory of 
gravitational sensitiveness are necessary. For fuller details the 
reader is referred to the papers of Noll, Nemec and Haberlandt,* to 
whom the theory in question is due. 

“Wlien a geotropic organ suffers a change of position it responds by. 
an appropriate curvature, and ultimately reassumes verticality. With 
the mechanism of curvature I am not concerned, the problem to* 
be solved is the source of the stimulus to which the curvature is a 
response. In other words : when a plant, which normally grows verti- 
cally upwards, is laid horizontally, it obviously perceives the ’ change ; 
by what mechanism is the perception rendered possible ? 

The view of Nemec and Haberlandt is that the stimulus is due to 
the presence of bodies of greater specific gravity than the cell sap, 
which in consequence of their weight always fall to the physically 
lower regions of the cells. These bodies are usually movable starch 
grains, and may conveniently be termed statoliths. As long as 
an organ is vertical, in its normal position, the statoliths, in conse- 
quence of their weight, collect in a heap or layer on the basal walls 
of the cells. When the organ is placed horizontally the heap of stato- 
liths topples over and gradually spreads out in a layer on the lateral 
walls, which are now horizontal. It is clear that in this circumstance 
is to be found the possibility of an appropriate stimulus. We can 
conceive that the pressure of the statoliths on the protoplasm, of the 
lateral instead of the basal walls, might become associated with certain 
definite curvatures. Thus in a typical stem-structure the reflex action, 
correlated with pressure on the lateral cell walls would be an upward 
curve, in a typical root the same stimulus would result in a downward 
curve. 

The starch graiiis or other heavy bodies have been named stato- 
liths in harmony with the nomenclature of the zoologists, who- 
have given the name to the heavy particles which supply certain 
animals (^.^., the Crustacea) with the means of orienting themselves, 
spatially. The beautiful experiment of Kreidlf has definitely proved 

♦ Ifoll, * Heterogene Induction,’ Leipzig, 1892, 

Haberlandt’s and Nemec’s papers were published simultaneously in yol. 18 (1900) 
of the * Berichte der Deutschen Botanischen Gesellschaft,’ See also papers b 7 
both aothors in vol, 20 of the same Journal; also ITemec, in ‘ Pringsheim’a 
Jahrbiicher,’ yol. 36, 1901, and Haberlandt in the same Journal, yol. 38, 1903, 

t ‘ Sitzb. Wiener Ak. d. Wiss.,’ yol. 102, 1893, Abth. 3. 
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that the Crustacean Palcemon is guided in keeping its dorso-ventral 
plane vertical, and dorsal surface upwards, by the stimulus of the 
statoliths resting on the internal surface of its otocysts. 

In favour of their theory, Nemec and Haberlandt have stated 
fully and well the general argument based on the distribution of sfato- 
liths. Thus, broadly speaking, statoliths are found to occur (in 
Phanerogams at least) in organs and parts of organs capable of gravi- 
tational stimulation. On the other hand, speaking generally, stato- 
liths are absent where there is no power of curving geotropically. 
Thus in the older parts of stems, which have lost the power of curva- 
ture, the statoliths disappear from the endodermis.* 

The presence of statoliths in the tip, and only in the tip of the 
root, is a striking fact, and one that is in general accordance with the 
theory set forth in the Power of Movement in Plants, and confirmed 
since the appearance of that work by more than one observer.! The 
same. thing is true of the cotyledon of Setaria and Sorghvm, the 
statoliths are practically confined to this part of the seedling in 
which the gravitational sensitiveness has been shown to reside. J For 
further details of the general argument from distribution we must 
refer to the writings of Nemec and Haberlandt. Personally, I con- 
sider the general argument to be highly convincing, but this opinion 
seems not to be shared* by others, and in any case it does not permit us 
to neglect experimental tests. 

Exjg&timevial Evidence. 

N^mec lays some stress on the loss of geotropism following the 
destruction of the statoliths. He employs Pfeffer’s method of 
embedding a seedling bean or pea in liquid plaster of Paris. In this 
way, when the gypsum sets, the seedling is prevented from growing, 
and for some unknown reason the treatment leads to the disappearance 
of the starch from the group of specialised cells at the tip of the 
root. According to Nemec seedlings so treated fail to respond to 
gravitational stimulus. But the argument is not complete, it should 
be shown that the starchless roots are not also inhibited in their 
reaction to other stimuli. For instance, supposing the experiment 
was performed on seedlings of Sinapis, it should be ascertained 
whether the starchless radicles would or would not curve apohelio- 
tropieally, while remaining incapable of geotropic curvature. 

I have tried a similar experiment on Setaria and Sorghum. It was 
discovered accidentally that the cotyledons lose a great part of their 

* Haberlandt, ‘ Pringaheini’s Jahrbuclier,*. vol. 38 (1903), p. 461; and ‘Her. 
der Beutscben Bob. Ges.,’ yoI. 18 (1900), p. 264. 

f Pfeffer, ‘ Annals of Botanj,’ vol. 8 (1894), p. 317 ; Czapek, * Pringsheim’s 
Jahrbucher,’ 1895 ; P. Darwin, ‘Linn. Soc. Journ^,* toI. 35, 1902, p. 266. 
t Darwin, ‘ Annals of Botany,’ toI. 13, 1899, p. 567. 

VOL. LXXI, 2 D 
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starch if kept for periods varying from 6—26 hours at a high tempera- 
ture, e.r/., 33 — 38. Such seedlings show a marked loss of geotropic 
movement. 

Exp. 201, March 3, 1902. 

Eight specimens of Sorghum vulgar e were kept for 2 If hours at 
37®, and others at 16*5° — 19° C. They were then allowed to curve 
geotropically for 20h. 20m. when the “ cool ” lot showed an average 
curvature of 49*8°, while the “hot” specimens gave an average of 9°. 

Exp. 204, March 4, 1902. ‘ 

Twelve specimens of Sorghum mlgwre in two equal lots for 21h. 5m. at 
37° and at about 18°. Microscopic examination at the close of the 
experiment showed considerable irregularity in the disappearance of 
starch, and the following table shows that the degree of geotropic 
curvature is more or less parallel to the amount of starch remaining. 

1. 1 Starch in small quantities 72° (geotropic curve). 

„ 70^ 

3. Less starch than 1 and 2 33° 

4. ^ Starch almost disappeared 20° 

5. S „ „ 28° 

6J „ ir 

At first I was inclined to see in facts like these a striking con- 
firmation of the statolith-theory, but experiments of the type of the 
two following prove conclusively that such an opinion is not justifiable. 
Exp. 215, March 13, 1902, 

Sorghum nigrum nearly de-starched by 6 hours at 40° 0. On the 
following day exposed to incandescent gas for 4 hours. 

Eesult — Cool, 40°*2 (average curvature to light). 

Hot, lO'^’O „ „ 

Exp, 223, March 26, 1902, 

Sorghum nigrum nearly de-starched by 5h. 35m. at 33° — 34° 0. 
Part of them were then placed horizontally in the dark for 4J hours, 
the remainder being vertical and exposed to incandescent gaslight 
for the same period. 

Eesult. — Geotropism (average) Cool 47° Hot 7°"2 

Heliotropism „ „ 21° „ 7°-7 

These and other similar experiments showed us that we had no right 
to conclude that the loss of geotropic capacity depended on the 
absence of the special mechanism (statoliths), but rather that the loss 
of the starch may perhaps be no more than a symptom of exhaustion 
which shows itself both geo- and heliotropically. 

Nemec has shown that in decapitated roots, roots from which 
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the tip containing the statocytes have been removed, the capacity for 
geotropism returns with the regeneration of the statoliths. Even 
here — though the fact is a striking one — the argument seems to require 
the heliotropic test. For obviously the regeneration of the tip may 
mark the recovery of a generalised sensibility, and not merely the 
rehabilitation of the special gravitational mechanism. The same 
objection holds to some extent with regard to HaberlandFs* experi- 
ments on plants found to be starchless in winter. It should have been 
more definitely shown that they are heliotropically active though 
incapable of gravitational reaction. 

2'he Tuiiingfoi^c Method, 

In the autumn of 1901, I began a series of experiments by a method 
which was at the time a new one, but has been in the meanwhile 
published by Haberlandt.f It seems to me that Haberlaridt’s argu- 
ment is open to the objection above set forth, and as it is an objec- 
tion I have tried to meet, my results seem to be worth giving. 

My point of view was that if gravitational sensitiveness is a form 
of contact-irritability (which must be the case if the pressure of the 
statoliths on the plasmic membrane is the critical event), then it might 
be possible to intensify the stimulus by vibration. I hoped, by 
applying vibration in a vertical plane to a horizontal seedling, to 
make the starch grains dance on the lateral walls, and by such 
repeated blows on the protoplasm to produce more active geotropic 
response. 

The experiments were made with seedlings of Sorghum^ Setaria, and 
Pmicum. In the earlier trials entire seedlings were used, but they were 
found difficult to fix horizontally with sufficient accuracy, and I 
consequently employed cut hypocotyls cemented by means of melted 
cocoa-fat on cork supports, and kept damp in small metal boxes, each 
containing a strip of wet filter-paper. 

The vibration was supplied by means of a tuning fork driven by an 
electric escapement. The fork was fixed in a horizontal plane so that 
the vibration was vertical. The amplitude of the vibration varied in 
different parts of the fork from 4 mm. to less than a millimetre. The 
rate was about 47 vibrations per second. 

The general plan of the experiments was to attach a pair of metal 
boxes, one to each limb of the fork, each box containing four to six 
seedlings fixed approximately horizontal. Control boxes were placed 
on a support a few centimetres from the fork. It was found essential 
to insure an identical temperature for the experimental and control 
plants. The fork is set in motion and the experimental plants sub- 

* Haberlandt, * PriDgslieim’s Jahrbuclier,’ 1903, p. 472. 
t Zoo, cii, (1903), p. 489. 
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jeoted to vibration for about 8—20 minutes. The control and experi- 
mental boxes are then placed on a Minostat to avoid further gravitational 
stimulus, and the angular curvature estimated after a few hours. The 
general result is clear, viz., that the plants subjected to vibration are 
more strongly curved. In other words, that vibration increases the 
gravitational stimulus. 


Precautions and Sources of Error, 


In performing the experiment it is necessary to take scrupulous 
care that the control and experimental plants receive similar treat- 
ment. ^ the case of both it is necessary to cement the plants 
into their boxes without allowing any possibility of geotropism being 
induced before the boxes are fixed to the tuning fork In all the 
later e^eriments the plants -were cemented into their places vertic- 
^ly and received no gravitational stimulus until horizontal on the 
fork or on the place prepared for the control plants, as the case 
might be. Any error arising for the want of this precaution in the 
earlier experiments was equally divided between the experimental 
^nd control plants. 

The most serious source of doubt and error is the tendency in 
the grass seedlings to nutate in various directions ; all that can be 
said IS that the error in question is equally applicable to the experi- 
mental and control plants. Sorghvm saccharatum is especially liable to 
nutation, and had to be discarded as material. 


A theoretical source of error arises from the fact, that the movement 
of a -^ratmg rod being part of a curve there must be a generation of 
Mntrifugal force parallel to the rod and towards its free end. If the 
force were sufficient it would cause a displacement of the starch in the 
cotyledons of the grass seedHngs, and this would affect those seedlings 
whose apices were directed towards the free end of the vibrating rod 
precmely as if they were in an oblique position, the apices being down- 
ward Now this position is known* to be more favourable to geo- 
trop^ than horizontality, therefore the plants on the vibrating rod 
could not be fairly compared with the motionless specimens. But we 
were unable to see any displacement of starch in seedlings exposed for 
rfiort periods to the vibration of the tuning fork. By a rough method 
l^ti^ted the centrifugal force in my experiments as about 0-2 g. 

IS m a force qmte sufficient to affect the starch grains, if enough 
time IS allowed; but it is hard to believe that for periods of 8-20 
minuto It could have any serious effect. However this may be I 
avoid^, m the later experiments, aU possible favouring of the experi- 
mental plants, by placing them with their apices towards the base of 


* Czapet, * Pringsheim’s Jahrbiioher,’ vol. 27, X8&5, p, 283. 
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the tuning fork. In this case any acceleration in the line of the fork 
would be in favour of the “ still specimens. 

Table I requires a few words of explanation. The third column 
gives the number of the experiment and simply refers to the original 
notes. The next column gives the time in minutes during which the 
plants were left horizontal. Then follow the temperature and the 
length of time during which the plants were left on the klinostat. 
When two readings occur under this column it means, of course, that 
the curvature was measured more than once : thus in experiment 74 
the curvature was read after 4 hours’ rotation, and again after 6h. 33m. 
from the time at which the plants were originally placed on the 
klinostat. The column “ Shaken ” gives the angular deviation from 
the horizontal of the plants which had been on the fork ; their average 
curvature follows in a separate column. The last two columns give in 
the same way the actual observations and the average for the control 
plants. For the sake of brevity we use the terms “ Shaken ” and 
Still ” for the experimental and control plants. In columns “ Shaken 
and “ Still ” the letter x occurs occasionally in brackets, thus {x ) : this 
means that nutation downwards or sideways had occurred. In the 
same way (5) indicates a downward or lateral nutation of 5*. In 
striking averages, I have counted the nutating specimens and also 
those which showed no geotropism, *.£?., remained horizontal. Thus, 

45 

if the readings were 13, 16 (x) 17, the average would be — = 1T3: 

or if it had been 13, 15, 0, 17, the average would have been the same- 
When the cases of nutation were very frequent, or where the curvature 
occurred very slowly, as in experiments 131, 140, 1 have omitted the 
average curvature from consideration, although I have allowed the 
readings to remain in the table. 

The first thing that strikes one is that the shaken specimens show a 
greater curvature than the still ones in a large majority of cases. 

Thus, taking the whole of the thirty cases in which the average 
curvatures are calculated, we have : — 

Shaken^ curvature greater in 25 cases. 

,5 equals or practically equals still 3 
Stilly greater than shaken 2 

Out of these thirty cases, seven are second readings, i<3., records of 
curvature in experiments in which readings had been taken a few 
hours previously. If these are omitted, we get : — 


.curvature greater 19 

„ equals still 2 

Still, curvature greater 2 


Filially, there are four cases in which the plants were left on the fork 
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lor long periods, Le,^ 40—82 minutes; these are, perhaps, not strictly 
comparable with the other experiments, though in three out of the 
four the shaken specimens were clearly more curved than the still ones. 
If these are omitted, we have : — 

Shaken^ curvature greater 15 

„ equals still 2 

Stilly curvature greater 2 

The amount of curvature is not merely greater in a large majority of 
cases, but also differs by a considerable percentage. 

Thus, taking the sum of the average curvatures in all thirty cases, 
we get : — 

Still. Shaken. 

403'* ‘7 600“*8 or 100 : 148*8 

Omitting the seven second readings (which give the sums — still 62*1, 
shaken 108*2), we get: — 

still. Shaken. 

34r-6 492°-6 or 100 : 144-2 

Finally, omitting the four cases of long exposure (which give — still 
7T1, siuiken 103*7), we get : — 

Still, Shaken. 

270” *5 388” *9 or 100 : 143*8 

In another series of experiments the difference between the shaken 
and still plants was much smaller. But we have reason to believe that 
the failure depended on the small amplitude of vibration employed, 
for when, in the last four experiments of the series, a more ample 
vibration was adopted, there was once more a well-marked increase in 
geotropism in the shaken specimens. 

In none of our experiments have we seen such striking results as 
those obtained by Haberlandt ; it must, however, be remembered that 
his apparatus differs from, and is apparently more effective than, ours. 

Control Experiments (Heliotropism), 

The experiments were made in the same way as the last, except 
that the seedlings were vertical ins'rfead of horizontal, so that the 
starch would be made to vibrate on the basal instead of on the lateral 
walls of the cells. The boxes had glass lids to admit the light, which, 
was given by incandescent gas. Care was taken that the distance 
from the light of the still specimens was the same as that of the 
shaken specimens. 
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In three of the experiments (102, 109, 111) readings were taken 
before the plants were placed on the klinostat, and these readings are 
omitted in summing up the results : — 

Curvature of shaken plants greater... 7 cases 
,, still ,, ,, ... 4 

Shaken, equal still 1 

Thus there is a majority of wins in favour of the shaken plants, 
though it is not nearly so striking as in the geotropic experiments. 
When the amount of curvature is taken into consideration, the result 
is decisive : — 

Still, Shaken. 

Sum of averages 259*9 273*9 

or as ‘100 105*4 

The • conclusion at which I arrive is that vibration does not 
materially increase heliotropic curvature, whereas it does increase 
geotropism. The following figures show in round numbers the differ- 
ence between the geotropic and heliotropic experiments : — 

Geotropic Curvature. 

Still. Shaken. 

100 144 

Heliotropic Curvature. 

Siill. Shaken. 

100 105 

The inference I draw from this result is the same as that of Haberlandt, 
viz., that the increased geotropism of the shaken specimens is due to 
the increased stimulixs produced by the vibration of the starch grains 
on the protoplasm of the lateral walls of the cells. 

I desire to express my thanks to Miss Pertz, and to my assistant 
Mr. Elborn, for much valuable help. 
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“On the Laws governing Electric Discharges in Gases at Low 
Pressni-es.” By W. E. Care, B.A., University of Toronto. 
Communicated by Professor J. J- Thomson, F.E.S. Received 
February 11, — Read March 5, 1903. 

(Abstract.) 

The experiments described in this paper were undertaken with the 
object of determining the potential difference required to produce 
discharge in a number of gases over a wide range of pressures, and 
especially of ascertaining if the law enunciated by Paschen* was 
generally applicable, provided the electric field in which the discharge 
took place was uniform. 

The paper is divided into the following sections : — 

(1.) Introduction. 

(2.) Description of apparatus. 

(3.) Experiments in air. 

(4,) ’Experiments in hydrogen. 

(5.) Experiments in carbon dioxide. 

(6.) Spark potentials with different electrodes. 

(7.) Minimum spark potentials. 

(8.) Connection between spark lengths and spark potentials. 

(9.) Minimum spark potentials in different gases. 

(10.) Summary of results, 

Paschen^s experiments showed that when a given potential difference 
was applied to two spherical electrodes whose distance apart could 
be varied, the maximum pressure at which discharge occurred in a gas 
varied inversely with the distance between the electrodes. The range 
of pressures covered by his experiments did not extend below 2 cm. 
of mercury. 

While Pasohen has shown that as the pressure of a gas diminishes the 
difference of potential necessary to produce discharge between electrodes 
in a gas, a fixed distance apart, also diminishes, Peacef has shown 
that a critical pressure is finally reached when the spark potential 
reaches a minimum value, and that below this critical pressure the 
potential difference required to produce discharge rapidly increases as 
the pressure is lowered. Peace’s experiments were conducted with air, 
and his electrodes consisted of a pair of large parallel plates supported 
in the gas. The values of the spark potentials recorded by him led to 
the conclusion that Paschen’s law did not hold for electric discharges 
at and below the critical pressure. 

In this paper it is shown that with the apparatus used by Peace, the 

* PasoRen, ‘Wied. Ann.,’ to1,37, 1889, p. 79. 
t Peace, ‘ Eoy. Soc. Ptoc.,’ toI. 52, p. 99. 
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disciiarges at low pressures in all probability did not take place along 
the shortest path between the plates, and it is inferred that the failure 
of his numbers to establish the applicability of Paschen’s law at all 
pressures is due to his having always taken this shortest* distance 
between the electrodes as a measure of the spark length. 

In the present paper an account is given of an investigation on the 
potential difference necessary to produce discharges in a gas with a form 
of apparatus which ensured the passage of the discharge in a uniform 
electric field at all pressures. With this apparatus the spark potentials 
were determined in air, hydrogen, and carbon dioxide, for different 
distances between the electrodes, over a range extending considerably 
above and below the critical pressures. Electrodes of brass, iron, zinc, 
and aluminium, of the same size, were in turn used in the apparatus, 
but the readings obtained showed that the spark potentials were not 
influenced at any pressure by the size of the electrodes, provided the 
discharge took place in a uniform field. 

The result of the investigation not only confirmed the truth of the 
law enunciated by Paschen for discharges in a gas at high pressiu-es, 
but also demonstrated the applicability of the same law to the* critical 
and to lower pressures. This law is summarised in the statement 
“ that with a given applied potential difference, electric discharge in 
a uniform field in any gas is dependent solely on the constancy of 
the quantity of matter per unit cross-section between the electrodes.” 

It is shown that a general application of Paschen’s law demands 
that the minimum spark potential must be a physical constant for 
each gas. A special set of observations gave the following values of 
this quantity for a number of simple and compound gases. 


Mioimtim spark 

Gas. potentials in volts. 

Ha 278 

0.2 455 

B.S 414 

00-2 419 

N-aO 420 

SO 2 457 

C 2 H .2 467 


Adopting Strutt’s value of 251 volts for nitrogen, the conclusion is 
drawn that the minimum spark potential is a property of the atom * 
rather than the molecule of a gas, and it is shown that if H', N', O', 
etc., represent the spark potential constants in volts, corresponding to 
atoms of the gases H 2 , N 2 , O 2 , etc., respectively, the minimum spark 
potential for any compound gas whose formula is HajNj/O^, etc., will 
be given by xR' + yW + zO' + etc. volts. It is pointed out that oxygen 
forms an exception to the general application of this law. 



376 


Prof. A. Gamgee and Mr. A. Croft Hill. [Jan. 31 

The latter part of the paper deals with the extension of PaschenJ 
law to spark lengths much shorter than those actually used in th^ 


On the Optics Activity of Heemoglobin and Globin’’ Bv 
Arthur Gamgee, M.D., r.E.S., Emeritus Professor ^f 
Physiology m the Owens College, Victoria University and 

in PhTsioW’ ptc Henry Lewes Student 

■ 1903 .^^ ^ ^ January 31 ,-Read February 12, 

Introd uctrn'y Observations, 

Ml observations hitherto published concerning the optical activitv 
of the albuminous substances have lerf tn activity 

bodies thus designated, whethl dlri^d from .hr 

animal kingdo4 without a dnX Ivll- or the 

polarisation to the left, no case hating Serto ^00^? 

chemical interest, has hitherto been cnmSir and 

the investigation of the optical activitv of so far as 

The group to which we rrfer is thnt Jh; 1, u concerned. 

German writers the group of the “ Proteldt ” ^Thi?” 

those complex albuminous substances which can 

ease, be split up into, or which yield as products of .*®®® 

UtePmfessor T tl^e 

globm, what was oertamly a mixture of imn,!,- Oyto- 

the soluble constituents of many animal orfls'^ which he separated 

^rtrorotatory properties of this product Tor infnr recognised the 

the reader is referred to the “ SupplemLtarv Whr Wrk, 

oftbepaperby Ckmgeeaud W.E w 

rbymns. and Suprarenal Gland, with espial Pancreas’ 
■r*!A«, p. 385.-JKi„^A 6. refeienoe to their Optical Aotiyiiy." 
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characterised and the most striking members of this group are : 
Firstly, the hsemoglobins and their compounds. Secondly, the nucleo- 
proteids and the nucleins. 

In haemoglobin, we have the example of a complex proteid, which 
differs from all other members of the albuminous group of bodies by 
its colour, by its marvellous power of forming easily dissociable com- 
pounds with oxygen and certain other gases, by the facility with 
which it admits of being crystallised and recrystallised and obtained 
free from all foreign mineral matters, By the startling manner in 
which its solutions fail to furnish any one of the reactions characteristic 
of albuminous substances in solution, so long as the reagent has not 
effected a fmidamental decomposition which has liberated the albuminous and 
coloured residues. The researches of one of us have moreover lately 
shown that whilst haemoglobin is a diamagnetic body, the iron-con- 
taining products of its decomposition by acids are not merely para- 
magnetic, but probably the most powerfully “ ferromagnetic ’’ organic 
bodies known to science.* 

So complete a divergence thus exists in physical and chemical pro- 
perties between haemoglobin and the substances which are the ' imme- 
diate products of its decomposition, and which are doubtless linked 
together in it, that it appeared in the highest degree interesting to 
ascertain whether or hot, in respect to optical activity, haemoglobin 
would behave as an albuminous body proper and prove to be “ Isevo- 
gyrous.” Having, if possible, determined this point, the subsequent 
step in the research would naturally be to determine the optical 
activity of the albuminous and coloured products of the decomposi- 
tion of the haemoglobin molecule. 

1 . — Determination of the Optical Activity of Hmmoglobin. 

So far as the authors have been able to ascertain, the optical 
activity of solutions of coloured organic bodies has not yet formed the 
object of serious investigation. Landolt,t in the last edition of his 
authoritative work, which contains all the reliable results relating to 
the optical activity of organic bodies up to the date of its publication, 
mentions only one colouring matter as having been investigated, viz., 
the vegetable colouring matter hsematoxylin, of which the alcoholic- 
solution is said to be dextrogyrous. Nor is this neglect of the study 

^ A. G-amgee, ** On tlie Behaviour of Oxy-hsemoglobin, Carbonic-oxide-Kfemo- 
globin, Metbeemoglobin, and certain of tbeir Derivatives in the Magnetic Field, 
with, a Preliminary Note on the Electrolysis of the Hsemoglobin Compounds/’ 
‘ Boy. Soc. Proc./ vol. 68, p. 503. 

A. Gamgee, The Oroonian Lecture for 1902, “ On certain Chemical and Physi- 
cal Properties of Hflemoglobin,” * Boy. Soc. Proc.,’ vol. 70, p. 79. 

t Dr. H. Landolt, * Das Optische DrehungsvermCgen Organischer Substanzen, 
&c., Zweite ganzlich umgearbeitete Auflage/ Vieweg u. Sohn, 1898. 
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of the optical activity of coloured solutions surprising when we con- 
sider the much greater difficulties which encounter the observer in 
companson to those attending the examination of colourless solutions. 


The Method Employed in the Present liesmch. 

When a powerful beam of white light is passed through a stratum 
1 cin thick of a solution of Oxy- or 00- hemoglobin containing 

of the spectrum which is unabsorbed 
IS that which extends from B to a little distance on the red side 

lr?‘ ?• T tJie only light which could be 

employed in the work before us was monochromatic red light, and that 
in the place of one of the polarimeters commonly employed in our 
adjustments only permit of their being employed 
with light of a definite wave-length (the half-shadow polarimeters^ of 
the Laurerit type being adjusted for use with monochromatic sodium 
light) an instrument should be employed, the arrangements of which 
pe^t of observations with light of any desired wave length ^ 
In our first observations, we attempted to employ the lithium flame 
as our source of light, but we were unable to secure by this mean 
e her a sufficiently powerful or steady niuminatioii. We 

^ ®°^ce of practically monochromatic 
for rtd^ys ® tv^ymed Landolt’s filter 

h JfdiSf ofS compartment of which 

UM a depth of 20 mm._ One compartment is filled with a solution of 

in a maU ^ ,1,, itoTlal! 

diluted with water to the volume of one litre When ho-hi- ia ^ 
^a,»,e a ..,ato 20 nun thick of a.i, 

»»»nr<S.^iSiaJo7aio*dS coL^"' 

having a min wav:!:';? ap^^llil^rliet^^^^ 

SJ^iTSI^L observations bei4 at: 


laaidolt, op. <•«., pp. 887—390. 
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The polarimeter employed in these observations was a magnificent 
Lippich’s “ Halbschatten-Polarimeter,” with tripartite field of vision, 
made by Schmidt and Haensch, of Berlin, and belonging to the Davy- 
Faraday Laboratory of the Eoyal Institution of Great Britain. 

The EmmoghUn Employed.^ 

The solutions of haemoglobin employed for the determinations of 
which the results will be given below, were prepared with oxy-haemo- 
globin of remarkable purity which had been obtained from the blood 
of the horse by following the best of the methods (the third method) 
described by Zinoffsky.f 

Two preparations of haemoglobin made on a large scale and at the 
interval of some months one of the other were employed. The 
preparation employed to make the solution of Oxy-haemoglobin had 
been crystallised three times, the product of each successive crystalli- 
sation having been many times washed with ice-cold distilled water 
of which the purity was controlled by determining its electrical 
resistance. This solution contained 2*446 grammes of haemoglobin in 
100 c.c. For polarimetric observations this solution was diluted with 
an equal volume of distilled water, the dilute solution examined con- 
taining, therefore, 1*223 gramme of oxy-haemoglobin in 100 c.c. 

The preparation employed to make the solution of CO-haemoglobin 
had been crystallised four times. The crystals of each successive 
crystallisation had been subjected to washing with pure distilled 
water as stated above, the solution of the washed crystals of the 
fourth crystallisation having been saturated with CO. This solution 
contained 1*84 grammes uf dry CO-haemoglobin. For polarimetric 
measurement this solution was diluted with an equal volume of 
distilled water ; the dilute solution contained, therefore, 0*92 gramme 
of 00-h^moglobin in 100 c.c, 

Eimnoglohin, whether in Comhinafioii idih Oxygen or Carbonic Oxide, is 

Dextrorotatory. 

A. Oxy-HcemogloUn. 

The diluted solution of Oxy-haemoglobin, previously referred to, 
was employed. This solution, containing 1*223 gramme of haemoglobin 
in 100 c.c., was thoroughly saturated with oxygen before, being 
subjected to polarimetric observation. 

^ The parb of Section 1 of this paper -which follows has been recast, and the 
observations described iinder A and 0 added, ’since this paper was submitted to the 
Royal Society . — March 5. 

f Zinoffsky, O., “Ueber die G-rSsse des Hsemoglobinmoleculs,” ‘Zeitsehrift f. 
phyciol. Ohemie,’ vol. 16 (1886), p. 23. 
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The tube employed in all the sets of observations measured 
1 decimetre. 

Three sets of observations were made. 


Observed Specific 

angle. rotation (a)c. 

1. Mean of first set of observations ... +0°*12 + 9'’*8 

2. „ second set of observations +0®‘125 +10^*2 

3. „ third „ „ +0°*1225 +10"-0 


From the above observations we conclude that the specific rotation 
of Oxy-hsemoglobin for light of the mean wave length of C, 

(a)c=+10°*0±0“-2. 

B. UO-HmiogloUn. 

The diluted solution of CO-haemoglobin, previously referred to, was 
employed. This solution contained 0*92 gramme of CO-hsemoglobin 
in 100 c.c. 

Two sets of observations were made with this solution ; in the first 
set a tube 1 decimetre long, and in the second a tube 2 decimetres 
long being employed. 

Length Observed Specific 

of tube. angle. rotation (a)c. • 

1. Mean of first set of observations 1 decim. + 0®*098 + 10°‘65 

2. 5 , second,, „ 2 „ +0®‘203 +11** *03 

Taking the mean of the two series of observations we obtain as the 
specific rotation of a solution containing 0*92 gramme of OO-haemo- 
globin in 100 c.c. 

(a)c-+10%9. 

When the feeble rotatory power of haemoglobin is considered, the 
agreement between the results of the investigation of the rotatory 
power of Oxy- and CO-hajmoglobin must be considered satisfactory 
and as pointing to the conclusion that the molecule of oxygen or 
carbonic oxide in combination with hsemoglobin does not influence its 
specific rotation. The correctness of this conclusion has been 
established by direct experiment, 

G. The same Solution of Hmwgldbm saturated with 0 and with CO 

Compared, 

With the object of determining by direct experiment whether the 
dissociable combinations formed by 0 and by CO with hsemoglobin had 
any influence on its specific rotation, the solution of Oxy-hsemoglobin 
which served for three sets of observations recorded under A, and 
which contained 1-223 gramme in 100 c.c. of water, was again experi- 
mented with. One portion of this solution was saturated with 
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oxygen ; another portion was agitated with pure CO so as completely 
to expel the oxygen from its combination with haemoglobin and 
replace it by carbonic oxide. In this way were obtained rwo solutions 
of hsemoglobin identical in so far as the quantity of colouring matter 
which they contained, but diifering in the fact that in the one case the 
haemoglobin was in combination with oxygen and in the other with 
CO. The solutions were examined in tubes of the same length 
under the same conditions of illumination. The result was to show 
that the rotations were identical in the two cases, having the mean 
value represented by the specific rotation (a)c= +10®‘0. 

It is to be remarked that the observations recorded under A and 
C were carried out subsequent to those on CO-hasmoglobin recorded 
under B. In the case, particularly, of observations A, the intensity 
•and steadiness of the monochromatic red light employed was, in con- 
sequence of the experience previously acquired, more satisfactory 
than in observations B. We are therefore inclined to consider the 
numbers expressing the specific rotation of hsemoglobin which we 
have obtained as the result of observations A to be most worthy 
of confidence. We do not pretend that these numbers may not 
need slight modification as the result of future work, though we 
believe that they are a very close approximation to the truth, 

2 . — Determination of the Optical Activity of Glohin, 

Preyer gave the name of Globin to the albuminous product of the 
•spontaneous decomposition of haemoglobin, without, however, being 
able to furnish any precise account of its properties, its chemical com- 
position, or its relationship to other albuminous bodies. A compara- 
tively recent investigation which we owe to Fr. N. Schulz,* and the 
results of which have been substantially confirmed by Ivar Bang,t 
has placed us in possession of valuable and suggestive facts concerning 
the main albuminous product resulting from the decomposition of 
haemoglobin. He has shown that when a solution of haemoglobin is 
decomposed by the addition of small quantities of hydrochloric acid, 
it yields, as main products, 4*2 per cent, of haematin and 86*5 per 
cent, of a characteristic albuminous substance for which he retains the 
name of globin. He has shown that this substance belongs to the 
class of “ the Histons,” so that it would have been preferable, in our 
opinion, if Schulz had applied to his new body such a name as 

Hsemato-Histon,” which would have indicated both its origin and its 
affinities. 

Schulz’s method of preparing globin, as described by him, is essen- 

* Schulz, Dr. Tr. N., “Die Eiweisskorper des Hgemoglobins,” ‘Zeitschr. f. 
physiol. Chemie, vol. 24 (1898), p. 449. 

t Dang, Ivar, “ Studien iiber Histon,'' ' ZeitscUr. f. physiol. Chem./ 1899, 
p. 463. 
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tially as follows : to a solution of crystallised haemoglobin, either pre- 
^red by Hoppe-Seyler’s method or by the ammonium sulphate method 
dilute hydrochloric acid is added in extremely small quantities, until 
a floceulent brown precipitate falls which is immediately dissolved by 
the slightest excess of acid. The solution then no longer exhibits the 
beautiful red colour of haemoglobin, but has assumed a brown colour 
^ot only, remarks Schulz, has its colour changed, but a complete 
separation has occurred between the albuminous and coloured con- 
stituents of haemoglobin. If to the solution, which has now a faint 
Jibout one-fifth of its volume of 80 per cent, alcohol be 
adcled^ and the mixture be shaken with ether, the whole M of th- 
colouring matter is taken up by the ether, whilst the s4jacent 
aqueoM-alcoholie, perfectly clear solution contains the decolourised 
albuminous matters. Schulz gives particular directions as to the 
precautions which must be taken in order that the separation of the 
ethereal solution of the colouring matter should be complete, stating 

proportions of watei? 
determined in each 

case. By the above process there is obtained a more or less brownish- 
yellow solution, containing both alcohol and water and having a 

fSt V solution with ammonia, a 

aintly yellow, coarsely floceulent precipitate falls. The latter is 
rapidly separated by filtration and then washed with water When 
todZ??- removed, the precipitate commences 

Solnln n m ^ <^dute acetic acid. 

Solution^cum rapidly and completely. The excess of acid is now 

removed by dialysis continued for some days, the dialyser being sur- 

rounded by distilled water. There is thus obtained a dear, odourless 

ilT perfectly 

It is not our object to examine in this place the reactions presented 

?he'» Snsl ® 

Before describing briefly the methods we employed to prepare the 
solumons of globin which we investigated opticdly! we desL To make 
otarmtions on eertoin poiitK in Sciulo’s itatoment In dis- 
cing th. of dilute kydpocUorio «id „e«ied to efct t£> 

1-84 grammes dissolved in 200 cc of containing 

ou m C.C. ot water, there were required 
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20 c.c. of decinormal hydrochloric acid to eifect the complete separa- 
tion of globin from the colouring matter. 

We found that agitation with ether, unless repeated several times, 
fails to remove all the colouring matter which is capable of removal 
in this way. Further, we found that even when, as a result of agita- 
tion with ether, the aqueous-alcoholic solution of globin is of the 
faintest straw colour, on being neixtralised with ammonia the preci- 
pitated globin, which is at first colourless, assumes a somewhat reddish 
tinge, and when subsequently dissolved in water faintly acidulated 
with acetic acid the solution is much more deeply coloured than the 
original aqueous-alcoholic solution. 

The following is the precise method which we followed in preparing 
the solutions employed in our polarimetric determinations : — 

100 c.c. of a solution of four times crystallised hsemoglobin, con- 
taining 1*84 grammes of the substance, was diluted with 100 c.c. of 
distilled water and treated with 20 c.c. of decinormal hydrochloric 
acid. 44 c.c. of absolute alcohol were then added to the liquid, which 
was placed in a stoppered separating funnel and thoroughly agitated 
with its own volume of ether. The aqueous-alcoholic liquid having 
been separated from the supernatant ethereal solution of colouring 
matter was twice more agitated with fresh quantities of ether. By 
proceeding as we have described, the separation of the solution of 
globin occurred completely after the first agitation with ether, and the 
solution after the third agitation only possessed a faint straw coloura- 
tion. In certain cases, the globin was separated according to the 
method of Schulz by precipitation with ammonia, the flocculent pre- 
cipitate being subsequently dissolved in very weak acetic acid. In 
this manner was prepared the solution of globin which served for the 
first set of determinations recorded below. As it was impossible to 
obtain in this way solutions sufficiently colourless to allow of their 
rotation to be determined satisfactorily for light of the wave-length 
of D, this was done as in the case of haemoglobin for light of the mean 
wave-length of C. In the second set of observations, the rotation of 
the aqueous-alcoholic solution resulting from the decomposition of 
haemoglobin, after thorough agitation with ether, was determined. 

Globin a LcBmvtat&rif Substance, 

Preliminary observations having shown that solutions of globin 
are optically active and Isevogyrous, the following sets of observations 
were made with the object of determining the specific rotation of 
solutions of the substance. 

1. A solution of globin in distilled water, but containing a little 
acetic acid, was examined with the arrangement for red light, as was 
used in the case of hsemoglobin. The solution contained 2*4 grammes 
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of globin in 100 c.c. It exhibited in the most characteristic manner 
the reactions of globin. 

The tube employed measured 1 decimetre. The angle of rotation 
(mean of many determinations) was - l''*30. 

From the above data, it follows that in the case of this feebly 
acid solution of globin, containing 2*4 per cent., the specific rotation 
Hc= -54”*2. 

2. The faintly straw-coloured solution obtained by the decomposition 
of haemoglobin by means of dilute hydrochloric acid, the addition of 
alcohol and repeated agitation with ether, was placed in a shallow 
capsule in a current of air for some hours and afterwards on the- 
water-bath at the temperature of 40° C. In this way all the ether 
and some of the alcohol were expelled. The perfectly .clear straw- 
coloured solution, which had a density of 987*4 at 16° 0., contained 
0*98 gramme of solid matter in 100 c.c. 

Monochromatic sodium light was employed in the polarimetric 
observations. The tube employed measured 1 decimetre. The angle 
of rotation (mean of many determinations) was - 0°*64. 

From the above data, it follows that in the case of this feebly acid,, 
aqueous-alcoholic solution of globin, containing 0*98 per cent, of solids 
the specific rotation, [a]D= -65°*5. It may be pointed out that the 
greater part of the discrepancy between the results of the polarimetric 
measurements of the solution of separated globin and of the solution 
now under discussion is to be explained by the difference in the wave- 
length of the light, of which the rotation of the plane of polarisation 
was determined in the two cases. 


General Goncbmom. 

The following are the conclusions to which we have been led by 
the experiments described in this paper ; — 

1. Haemoglobin is a dextrogyrous albuminous body, 

2. Globin, which is the principal, or as we are inclined to believe, 
the only albuminous product of the decomposition of hsemoglobin by 
highly dilute hydrochloric acid under the conditions determined 
by Schulz and confirmed by our own observations, behaves as a 
normal albuminous substance, in respect to its influence on the plane 
of polarisation of light, i.e., it is a Isevogyrous body. 

Whilst the conclusions above stated are beyond question correct, we 
wish it to be understood that the numbers expressing the specific 
rotation of the bodies which we have examined must be looted upon 
as very close approximations and may need revision in the case of 
haemoglobin by determinations carried out with a more perfectly mono- 
chromatic and intense light than that which we have employed, and 
in the case of globin by working with the substance in a purer condi- 
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tioii than is possible in the actual state of our knowledge of this 
body. 

We hope to be able to carry out these further investigations, and to 
direct our attention to the optical activity of the coloured products 
of the decomposition of the hsemoglobin molecule, especially 
haemochromogen and hsematin and their coloured derivatives. 

In conclusion, we have to express our thanks to the Managers of the 
Davy-Faraday Laboratory of the Eoyal Institution for the facilities 
which they afforded us in carrying on the optical part of our work. 


' On the Nucleoproteids of the Pancreas, Thymus, and Suprarenal 
G-land, with especial Eeference to their Optical Activity.” 
By Arthuk Gamgee, M.D., F.R.S., Emeritus Professor of 
Physiology in the Owens College, Victoria University, and 
Walter Jones, Ph.D., Associate Professor of Physiological 
Chemistry in the Johns Hopkins University. Received 
February 9, — Read February 12, 1903. 

Part I. — Bibliographical and Critical. 

In a research in which one of us was associated with Dr. A. Croft Hill, 
it was discovered that Haemoglobin is a dextrorotatory body, whilst 
the interesting Histon-like albuminous substance Globin, which is 
obtained by the splitting up of Haemoglobin imder the influence of 
highly diluted hydrochloric acid, and of which the characters, no less 
than the mode of preparation, have only been known since the researches 
of Fr. N. Schulz, is a normally laevogyrous albuminous body. 

These interesting observations naturally suggested the probability 
that the Nucleoproteids might, like Haemoglobin, prove to be dextro- 
gyrous, and the research of which the first results are contained in 
this paper is the outcome of this idea. The hypothesis has been fully 
confirmed, as will be shown in the sequel, and it has thus been proved 
that some of the members of a group of albuminous bodies of great 
importance in the life-history of the organism, are dextrorotatory 
]>odies. 

The preparation of nucleoproteids of such purity and especially 
so free from contaminating colouring matters as to yield solutions 
sufficiently transparent and colourless for polarimetric work, was a 
necessary preliminary to our special researches, and has led to the 
discovery of many facts of interest in relation to the chemistry of 
the nucleoproteids. 
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PrdimimTjj Bemarks concernhig the Niicleoproteids^^ and ^^Nucleim^’ 
ami the Seme in which the Latter Term is used in the Present^F^lpeiic, 

^ — 

By the term Nucleoproteids, we designate complex, or ratn^ 
compound, albuminous substances which are the constituents of the 
nucleated protoplasm of all the organs of the animal body, MT* 
especially of the ductless, as well as of the secreting, glands. Th®e 
bodies are characterised by the large quantity of phosphorus which th^ 
contain, by the constant presence of iron, and by the fact that under 
the influence of heat, by the action of acids, of alkalies, but especially 
of pepsin and hydrochloric acid, acting at temperatures favourable to 
their action, they split up into albuminous matters, and into so-called 
true (to distinguish them from pseudo-) nucleins. The latter differ 
from the mother nucleoproteids which yielded them, by the fact 
that they result from the splitting-oif of a fraction of the albuminous 
molecules which these contained in their pristine and native con- 
dition. These secondary, or we may say, degraded nucleoproteids, 
“the nucleins,” contain all the phosphorus originally present in the 
mother substance. 

By the action of caustic alkalies and heat, the nucleins yield as 
products of decomposition, albuminous matters, and the so-called 
“ nucleinic acids,” bodies which vary in composition in the different 
nucleoproteids, but which are characterised by the fact that when 
heated with certain mineral acids, they yield as products of hydro- 
lysis (Kossel), one or more of the purin-derivatives long known as 
“the xanthine bases,” Adenin (Amidopurin), Guanin (Aminooxypurin), 
Hypoxanthin (Oxypurin), and Xanthin (Dioxypurin), as well as in 
many eases a base called Thymin, O5HGN2O.2, a derivative of Pyrimi- 
dine.* At the same time, the phosphorus is separated as phosphoric 
acid, 

Kossel, to whose fine researches we owe the greater part of our 
knowledge of the nucleinic acids, advanced the hypothesis (based on 
the great variation in the quantities of the xanthine bases which 
result from the hydrolysis of nucleinic acids of different origins) that 
there are four nucleinic acids, each of which yields one of the bases 
only. This theory of Kossel appeared to gain important support 
from Ivar Bang’st discovery of guanylic acid, a nucleinic acid obtained 
by the action of solution of potassium hydrate on the nucleoproteids 
of the pancreas, and which, as its name indicates, yields on hydrolysis 
one only of the purin-bases, viz., guanine. This hypothesis does not 

* Walter Jones, ‘Zeitschrift f. pliysiol, Chem.,» toI. 29 (1900), p. 26; H, 
Steudel xi. A. Kossel, ‘Zeit. f. physiol. Cliem.,’ vol. 29 (1900), p. 303; H. Steudel, 

‘ Zeitsehr. f. physiol. Chem.,’ toI. 30 (1900), p. 539; vol. 39 (1901), p. 241. 

t I'X'ar Bang, “ Die G-uanylsSlnre der Bancreasdriise nnd deren Spaltungspro- 
dnhte,” ‘ Zeitsehr. f, physiol. Cliem.,’ vol. 36 (1898), p. 133. * 
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.appear to be in unison with the facts known to us (Schmiedeberg, 
Levene, W. Jones and G. H. Whipple, T. B. Osborne and L F, 
Harris).* 

Hammarsten,! to whose researches on the nucleoproteids and their 
relations to the nucleins we owe much of our knowledge of these 
bodies, would restrict the term “ Nucleins ” to the albuminous com- 
pounds of the nucleinic acids which remain undissolved after prolonged 
digestion with pepsin and hydrochloric acid. But this limitation 
appears to us undesirable and unphilosophical, and we think that the 
"fcerm nuclein, which it is convenient to retain, both for historical and 
descriptive reasons, should be applied to designate all those bodies 
resulting from the splitting-oif of some, but only some, of the albuminous 
molecules originally forming part of the more complex nucleoproteid 
mother substance. It is in this sense that vre shall in this paper 
employ the term nuclein, it being understood that every nuclein is to 
be considered a nucleoproteid, inasmuch as it is a compound of an 
albuminous body with a nucleinic acid or acids. 


The Pesearches of Hcmimarsten on the Nucleoproteids of the Pancreas, 

In his most interesting and suggestive paper published in the year 
1894, Hammarsten gave an account of two nucleoproteids which he 
had obtained from the pancreas. 

The first of these bodies he designated proteid-a. He ascertained 
that this body which, being soluble in water, is present in cold aqueous 
extracts of the pancreas, is precipitated by acetic acid, and that when 
boiled its solutions yield a coagulated albuminous substance, the sub- 
stance remaining in solution being presumably nucleoproteid-/^?. 
Although Hammarsten fully recognised that the first or a-body was 
the mother substance, and that proteid-^ was only a product of its 
decomposition, he devoted his attention to the latter, being actuated 
by the following reasons : — In the first place, his object being at that 
time to study the non-albuminous products of the pancreatic nucleo- 
proteid, it appeared to him more simple and wiser to take as the 
.starting-point of the investigation a material containing less albumin. 
The chief ground, however, for leaving the more interesting nucleo- 
proteid provisionally uninvestigated was the great difficulty of obtain- 

* O. Schmiedeberg, ‘ Archiv f. experiment. Path. u. Pharmak / vol. 43 (1899), 
p. 57 ; P. A. Levene, * Zeitschr. f, physiol. Chem., Yol. 32 (1901), p. o41 ; W. 
Jones ajid Gr. H. Whipple, ‘Amer. Jour, of Phys.,’ yoL 7 (1902), p. 423. See 
particularly the recent paper by Thomas B. Osborne and Isaac F. Harris, “ Die 
Hucleinsaure des Weizenembryos,” ‘Zeitsoh. f. physiol. Chem.,’ vol. 36, Heft 2 
(September, 1902), p. 85. 

t Olof Hammarsten, “ Zur Kenntniss der Hucleoprote’ide,’^ ‘ Zeitschr. f . physiol. 
'Ohem., Yol. 19 (1894), p. 19. 
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ing it in any degree pure, attempts at purification being attended 
Tiuth such loss that the yield was too small. 

Hammarsten remarked that among the impurities most difiicult to 
separate wm the blood-colouring matter, as well as another colourino- 
mtter which he believed to be produced by the action of the air on 
e nueleoproteid itself. Further, another impurity adhering to the 
nueleoproteid was found by Hammarsten to be trypsin, which he was. 
unable to separate from it. He remarks, indeed, that the proteolytic 
actmty of the substance is so intense that in no other way could he 
obtain so powerfully acting a trypsin. 

Having, for the reasons above stated, abandoned the study of the 
interestang mother-substance, his nucleoproteid-a, Hammarsten then 
directed his attention to the /3-body. This body, he did not seek to 
obtam by the decomposition of the mother substance, of which it is a 
product, but by adopting the following method:— he boiled the finely 
.!n8 fi’esh pancreatic gland of the ox in water 

to wST ’ ^ perfectly clear, faintly yellow solution, 

0 which he added, after coobng, from 1 to 2 parts of hydrochloric 
acid, or from 5 to 10 parts of acetic acid per 1000 parts of the liquid 
nfim manner he obtained an abundant, white, flocculent precipitate, 
e dissolved the substance thus precipitated in water, with the aid of 
the least possible quantity of alkali and reprecipitated it by adding 
opi*^rr '■^Peating this, process several times, the body 

purified, so far as such a method can effect 

noStT'*" "Pou that, as Hammarsten himself 

^ted out, the so-called nucleoproteid-/3 does not represent an 

JSvJ “Other nueleoproteid (or nucleoproteids ?) by 

f “ ^^0 «Pirft of detraction 

^i^k chemisMhatwe add the 

mgqihlp •+ ^ ^^clein to be satisfactory should, if 

i^s 1 Startmg point, the pure mother substanw, of which 

eon^s Sn,!, tissue which 

one can at present tnly asser^TaTh ^’tcleoproteid-^, 

SeTy rSd ^ ')■ nucleoproteids, 

^ existing preformed in the tissue of the pancreas 

i ' T“ '■J' B»™i« in tin 

•IiovTOi ,hni r 1 ? “““f 0* » nnoloin, Md 

‘ i- I'oUing’. .oMon 

Wa dilule o5r.l?^“ ““ j i” bod? Wien leated on ao water-baa 
(wra aiua enlplnr.. and, famiehed . li,ji,y 
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Although unable to separate the reducing substance in a state of 
purity, he succeeded in preparing an Osazone of constant melting 
point and the characters of which agree with those of the osazone of a 
pentose, an observation which absolutely coincides with the researches 
of Kossel and Bang, which establish the presence of a carbohydrate 
nucleus in the nucleinic acids and the formation of pentoses when they 
are subjected to the hydrolytic action of dilute mineral acids and heat. 
Further, Hammarsten showed that when his nuclein was decomposed 
])y heating with a 3 per cent, solution of sulphuric acid on the water 
bath, a crystalline sediment often separated which, after being purified, 
was analysed and shown to consist of guanine sulphate. Later, at 
Hammarsten’s instigation, Ivar Bang, continuing the investigation, 
prepared from Hammarsten’s nuclein, the nucleinic acid to which he 
ascribed the name of Guanylic Acid. 

Part 2. — Experimental. 

On the Niickojjrofeid of the Pancreas and on Ceriain Characters of the 
Nudeins ^diich are associated mill, or derived from, it 

A. The Kiicleop'oteid, 

Method of Preparation. 

The finely divided pancreas of the pig was treated successively with 
50 per cent, alcohol, 75 per cent, alcohol, and per cent, alcohol, and 
finally subjected to the action of absolute alcohol and ether, with the 
object of dehydrating it. The material- thus obtained w^as extracted 
with successive portions of a 5 per cent, solution of ammonium acetate, 
the united extracts were filtered, and the perfectly clear fluid was 
poured into four times its volume of weak alcohol. The precipitate thus 
formed was washed by decantation with a large amount of dilute 
alcohol, and finally dried with absolute alcohol and ether. The object 
of this series of procedures was to remove the colouring matter of the 
gland, which is somewhat soluble in dilute alcohol, more so in an 
alcoholic solution of ammonium acetate, but soluble to a very slight 
extent in an aqueous solution of ammonium acetate. These manipula- 
tions also remove a large amount of inorganic salts, and render the 
coagulable albuminous substances insoluble. 

A 2 per cent, aqueous solution of this raw" material had only a pale 
yellow colour, and it was found thatr it- could easily be examined in a 
tube ndeasuring 220 mm. with the polarimeter, monochromatic sodium 
light being employed. The polarimeter was a Halbschatten-Polari- 
meter ” made by Schmidt and Haensch of Berlin, The remit of the 
examination was to show that the solution contained a dextrorotatory substance. 
The solution, moreover, failed to give any indication of the jyresence of a 
reducing substance, even by ]yi'olonged boiling mth FehKng\s solution, and 
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was found to be rich in material which yields xanthine bases on 
hydrolysis with sulphuric acid. 

The main portion of the gland substaiice, purified by the processes 
above described, was treated with 20 parts of water, and to the filtered 
solution acetic acid was added, drop by drop. When a q[uantity of 
acid had been added suflacient to bring the amount of acid in the 
entire solution to 1 per cent., a well-defined white, flocculent, precipi- 
tate separated. This precipitate of nucleoproteid was separated by 
the centrifuge, suspended in water, and treated with an extremely 
dilute solution of ammonia, drop by drop, and the reaction of the 
li(][uid continuously tested with litmus. A very small amount of alkali 
was needed to neutralise the adherent acetic acid, when the solution 
became neutral and remained so until approximately twice as much 
ammonia had been used as had been, required to completely dissolve 
the nucleoproteid. Evidently, the nucleoproteid is, at least, a dibasic 
acid, whose acid ammonium salt is soluble in water and neutral to 
litmus. 

Purification of the nucleoproteid was effected by alternate solution 
in ammonia and precipitation with a minimal quantity of acetic acid. 
The final solution was poured into five volumes of 95 per cent, alcohol, 
washed repeatedly by decantation with excessively large quantities of 
95 per cent, alcohol and ether, and then placed in an exsiccator over 
sulphuric acid. 

Optical I^roperties. 

L A weighed amount of the , nucleoproteid was suspended in water 
and dissolved by the addition of a trace of ammonia. The solution 
was made up to a definite volume with water, and examined polari- 


metrically : 

Weight of substance (W) ... 1 * 006 gramme. 

Volume of solution (V) 25 c.c. 

Observed angle (a) -h 3° 4' 

Length of tube (L),...^ 200 mm. 


= +38°-l. 

2. The results of the above observation were confirmed by the ex- 
amination of another preparation of nucleoproteid. 

Weight of substance 0 * 500 gramme. 

Volume of solution 25 c.c- 

Observed angle H-P 30^ 

Length of tube 200 mm. 

[a]j> = +37'^*5. 

The solution was treated with an excess of acetic acid and the pre- 
cipitate filtered off. The filtrate was found to be inactive. 
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B. Nuclein accompcmyvng, and probably Q*esultin(j from, the Nmleopn^oteid. 

Method of Preparation. 

The aqueous extract of the purified gland substance to which 
acetic acid had been added until it contained 1 per cent, of the 
latter, and from which the nucleoproteid had thus been separated, was 
treated with 20 per cent, acetic acid added a drop at a time. When 
the liquid contained 2 per cent, of the acid not the slightest precipita- 
tion had occurred. Continued addition of acetic acid, however, soon 
caused a turbidity, and when the acidity reached 5 — 6 per cent., a 
well-defined flocculent precipitate fell. This precipitate, which we 
shall call nuclein, was separated by means of the centrifuge and, at a 
great cost of material, was trnce washed with water, the washings 
being separated by centrifugalising. The washed nuclein was suspended 
in water, and solution of ammonia added cautiously, one drop at a 
time ; when the nuclein was completely dissolved, the reaction of the 
liquid was still acid to litmus. This solution was poured into four 
volumes of 95 per cent, alcohol, and the precipitated nuclein washed and 
dried by the methods described in the case of the nucleoproteid. 

The fluid from which the “ nuclein ” had been precipitated, as has 
been stated, was now poured into four volumes of alcohol, and the 
precipitate thus thrown down was washed and dehydrated by the 
action of alcohol and ether. This preparation, which is necessarily 
very impure and especially rich in organic salts, will be described and 
referred to as “ residual material.” 

Thus, by fractional precipitation with acetic acid, in the presence of 
inorganic salts, we have obtained three preparations. The nucleo- 
proteid, which is doubtless the body which Hammarsten denominated 
Proteid-a, is almost insoluble in pure water, but may be dissolved by 
minute quantities of ammonia and caustic soda. The body which 
have termed nuclein, to indicate oui* opinion of its relation to the first 
substance, is soluble in water with the greatest ease. 

By the addition of a trace of copper sulphate to a solution of the 
nucleoproteid in caustic soda a fine pink colour is produced, but not a 
shade of violet makes its appearance until a comparatively large amount 
of copper solution has been added, a reaction which resembles closely 
“ the biuret reaction ” with the proteoses. The “ nuclein ” by similar 
treatment gives only the faintest pink colour, the violet shade being 
observed even when a very small amount of copper sulphate is used, 
while the “ residual material ” produces a violet colour from the 
Ijeginning. 

It has recently been shown by one of us* that the nucleoproteid of 

^ Walter Jones and Gr. H. WMpple, “ The Kucleoproteid of the Suprarenal 
Ctland,’^ ‘ Amer. Jour, of Phys.,’ toI. 7 (1902), p. 423. 
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tbe pancreas, prepared in substantially the same manner as the |)ve- 
parations employed in the present research, yields, when subjected to 
hydrolytic treatment, two of the xanthine bases, viz., guanine and 
adenine, and in a ratio which closely approximates four equivalents 
of the former to one of the latter. The “ nuclein ” and “ residual 
material ” of the present research were also found to yield xanthine 
bases on hydrolysis with sulphuric acid. All the three preparations 
under discussion contain phosphorus, all are completely precipitated 
from aqueous or faintly alkaline solutions by the addition of a trace 
of hydrochloric {?cid, and all yield precipitates when their neutral 
solutions are boiled. 


Optical Propmiies of the Nuclein. 

We had convinced ourselves by the following experiment that the 
specific rotation of the substance which we have denominated 
•‘‘nuclein” would be found to be greater than that of the nucleo- 
proteid, before we had the opportunity of making a careful optical 
examination of the former substance. 

A perfectly neutral solution of the neucleoprpteid was prepared by 
treating some of the substance with water and an insufficient amount 
of ammonia to effect complete solution. The filtered fluid, examined 
with the polarimeter in a 200 mm. tube, gave a rotation of I"* 46'. 
The solution was heated to boiling,, and the coagulated albumin 
filtered off. The filtrate polarised in a 200 mm. tube gave a rotation 
of I*" 49'. Now, as is well known, the process of boiling, removing a 
portion of the albuminous matter previously forming part of the com- 
plex nucleoproteid molecule, converts the latter into a nuclein. As 
the length of the tube was the same, and the angle of rotation re- 
mained sensibly constant in our experiment, a decrease in the amount 
of matter in solution (equal to the coagulated albumin removed from 
it) must mean an increase in the specific rotation. 

The following direct determination of the specific rotation of .the 
nuclein was made. The body was dissolved in water, and as the fluid 
was somewhat coloured, it was examined in a shorter tube than those 
which we have usually employed ; — 

Weight of substance 1*009 gramme. 

Volume of solution 50 c.c. 

Observed angle +V 18' 

Length of tube 100 mm. 

[a]D = 4-64“‘4. 

The solution was treated with hydrochloric acid to precipitate the 
nuclein, and the filtered fluid examined in a tube 200 mm. long. The 
rotation was slightly negative (0°9'). In reference to this observa- 
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tion, we have to remark that wa noticed several times that very 
slight l^evorotatory filtrates were obtained when hydrochloric acid was 
used for precipitating the proteid, and especially when the acid fluid 
was allowed to remain in contact with the precipitate. Presumably, 
the negative rotation is due to an optically negative acid albumin 
being formed, which is soluble in the dilute hydrochloric acid. 

As in the case of the nucleoproteid, a solution of the nuclein yields 
^ coagulum on heating, and the rotation of the solution is not appre- 
ciably changed. This would lead one to assume the existence, of a 
nuclein of which the specific rotation is greater than + 64:°*4. It can 
easily be proved that such a substance exists in the preparation which 
we have designated “ residual material.” 

A weighed amount of this substance was dissolved in a measured 
volume of water. The solution was examined with the polarimeter, 
treated with hydrochloric acid, and the amount of matter determined 
in the filtrate, which was found to be optically inactive. The follow- 
ing data were obtained : — 


Weight of substance taken 

.. 0- 

‘520 gramme. 

Weight of optically inactive matter .. 

,. 0- 

269 „ 

Weight of optically active matter 

. 0- 

251 „ 

Volume of solution 

.. 25 

c.e. 

Observed angle 

.. +r 

’ 38' 

Length of tube 

o 

o 

mm. 


[a]o= +8r*i. 


C, Hamrmrsteii^s Fre;paration, 

As we have already explained, Hammarsten’s so-called nucleopro- 
teid-^, which 4s obtained from an extract of pancreas made by boiling 
the finely comminuted gland in water must, ipso facto, bo a nuclein. 
The results which we had obtained and which have been described, 
made it highly desirable that we should make an optical examina- 
tion of this substance also. By slight departures* from the method 
described by Hammarsten, which were absolutely necessary to remove 
the colouring matter, but which cannot possibly have exercised any 
influence on the chemical nature of the product, we were able to pre- 
pare a nuclein which must have been identical with Hammarsten’s 
preparation (nucleoproteid-^). The substance which we obtained is 
soluble in water, and gives a violet biuret reaction. Its solution was 
comparatively highly coloured, but possessed so great a rotatory 

We used ammonia for redissolving the nuclein, instead of a fixed alkali 
employed by Hammarsten. We also finally poured an aqueous solution of the 
nuclein into 95 per cent, alcohol, and washed by decantation with absolute alcohol 
and ether. 
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power that fairly satisfactory polarimetric observations could be 
m|ide in solutions of great dilution. The substance is dextrorotatory. 
The following data were obtained : — 

Weight of substance 

Volume of solution 

Observed angle (mean of eight readings) 

Length of tube 

[«]„ = +97“*9. 

On the Nucleohisfon of the Thymus Gland, 

It would seem quite easy to obtain this substance in any desired 
quantity by following the very simple method which Lilienfeld 
described in twenty lines.* 

This method leads, however, to a product whose solutions are highly 
opalescent, and an optical examination could not be thought of. The 
cloudiness is so persistent, that for a long time we were inclined to 
believe it to be a property inherent in the substance. We finally suc- 
ceeded, however, in obtaining solutions almost as colourless and 
transparent as distilled water. It is only necessary to extract Lilien- 
feld’s preparation with a 5 per cent, solution of ammonium acetate 
and filter. The fluid filters very slowly, but perfectly clear and con- 
tinuously. The solution was poured into 95 per cent, alcohol, and 
the precipitated proteid washed aiid dried with alcohol and ether, as 
described in connection with other preparations mentioned in this 
paper. The substance thus obtained was submitted to polarimetric 
examination, the solution being made with the aid of very dilute 
ammonia. The following data were obtained : — 

Weight of substance 2 * 023 gramme 

Volume of solution 50 c.c. 

Observed angle -f 3“ 20' 

Length of tube.'. 220 mm. 

[a]D = -l-37"*5. 

On the Nudcop’oieitl of the SwprciTenal Gland, 

In a research carried on conjointly with G. H. Whipple, t one of us 
lately described fche nucleoproteid of the suprarenal gland, and showed 
that this body is a thymo-nucleoproteid. Ultimate analyses showed 
that the nucleoproteids of the suprarenal gland of the ox and the 

* Leon Lilienfeld, ”Zur Chemie der Leucocjten,” ‘Zeit. f. physiol. Clieni.,* 
Yol. 18 (189i), p. 473. 

t Walter Jones and <3-. H. Whipple, op. cii,, p. 423 (Sept. 1002). 


0 * 200 gramme. 
25 c.c. 

0“ 47' 

100 mm. 
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sheep are identical, and scarcely differ in chemical composition from 
the niicleoproteid of the pancreas prepared substantially by the same 
method as that which has served for the researches described in tftis 
paper. 

The following table exhibits the results of the ultimate analyses of 
these bodies, and, for purposes of comparison, the analyses made by 
Hammarsten of his preparation is also given : — 


Nueleoproteid 
of suprarenal 
gland of sheep. 

C 46*22 

H 6*10 

P 4*70 

N 17*92 


>rucleoproteid 
of suprarenal 
gland of ox. 

46*81 

6-38 

4*72 

17*85 


Niicleoproteid 
of pancreas 
of pig. 

45*83 

6*26 

5*05 

17*42 


Hammarsten’ s 
preparation. 

43*62 

5*45 

4*48 

17*39 


As closely as the analytical processes at command could determine, 
the nucleoproteids of the pancreas and the suprarenal gland yield 
guanine and adenine in the same relative proportions, and these appear 
to indicate that one molecule of a nucleinic acid, or of a nucleo- 
proteid, may yield two different xanthine bases. 

We must refer the reader to the paper quoted above for a descrip- 
tion of a method of separating the nucleoproteid of the suprarenal 
gland. As is well known, the characteristic physiologically active con- 
stituent of this gland forms a dark brown pigment when exposed in 
aqueous solution to the oxidising action of the air. Aqueous extracts 
of the gland are therefore always highly coloured, and this colouring 
matter places great difficulties in the way of the preparation of sub- . 
stances from the gland which are intended for optical examination. 
While, therefore, the work on the nucleoproteid of the suprarenal 
gland is not as satisfactory as we could desire, it can nevertheless be 
stated most positively that this nucleoproteid also is dextrorotatory. 

The method of isolation which we employed does not differ essen- 
tially from that employed in the research already referred to, except 
that the gland was extracted several times with acetic acid before 
removing the nucleoproteid. A substance was finally obtained which 
is too highly coloured for accurate polarimetric determinations, but 
which, even in the necessarily high dilutions which could alone be 
used, • could easily be shown to be dextrorotatory. 

The following data were obtained : — 

Weight of substance 0*199 gramme. 

Volume of solution 25 c.c. 

Observed angle . -i- 0“ 23' 

Length of tube 100 mm 

Wd = +48'’*L 

2 F 
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The value of this rotation is liable to revision, but its direction is 
bevond question. 

before formulating the general conclusions which, it appears to us, 
may legitimately be deduced from the researches of which an account 
has been given in this paper, we may sum up our work in the 
following manner : — 

Summary. 

We have, in this paper, described six substances obtained from 
various glands and have given methods by which several of these may 
be isolated and obtained sufficiently free from colouring matters to 
admit of exact polarimetric determinations. 

All six of these substances yield on hydrolysis, albuminous bodies, 
phosphoric acid, and purin derivatives, and all contain iron in stable 
combination ; they are, therefore, all nucleoproteids in the wide sense 
of the term. 

The methods of preparation were such as to exclude all dextro- 
rotatory substances which are not of a proteid nature, and all prepara- 
tions were shown to be free from substances which reduce Pehling's 
solution even on prolonged boiling. Nevertheless, all these substances 
were found to be dextrorotatory, having specific rotations for light of 
the wave-length of D which vary from 37“‘58, that of the nucleohis- 
tonof the thymus gland, to 97‘’*9 that of Hammarsten’s nuclein obtained 
from the pancreas and described by him as proteid. 

General Qonclusims. 

1. The nucleoproteids (employing this term in its wider sense, as 
including the compounds of the nucleinic acids with albuminous sub- 
stances) which are contained in the pancreas, the thymus, and the 
suprarenal gland are dextrorotatory albuminous compounds. 

2. When a nucleoproteid, by the splitting-off of albuminous mole- 
cules, which in its original condition formed part of its more complex 
molecule, becomes converted into a nucleoproteid of the ‘‘nuclein” 
type, its specific rotation increases. 

3. It is legitimate to infer that not only the well characterised and 
typical nucleoproteids which we have subjected to examination, but 
all the nucleoproteids, including in this term the so-called nucleins, 
form a class of dextrorotatory albuminous substances. 

Whilst the facts which have come under our notice appeared to us 
so full of interest that it would not have been wise to defer their pub- 
lication, we are perfectly alive to the importance of answering with 
the least possible delay a number of most interesting questions sug 
gested by them. We are already actively engaged in the investigation 
of these questions and hope shortly to publish the results of our 
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enquiries. We trust, therefore, that during the next few months we 
may be permitted to work out so far as we are able, the problenj^ 
which have been suggested by the new facts recorded in this paper. 

* 

Supplementary Bibliographical Note, 

Since the above paper has been in print, it has come under the 
notice of one of us that the late Professor Alexander Schmidt, of 
Dorpat, in his published researches on the coagulation of the blood,"’*' 
drew attention to the fact that among the soluble constituents of 
protoplasm was a body to which he gave the name of “ Cytoglobin/^ 
and which he found to be dextrogyrous. So far as we are aware, this 
observation of A. Schmidt has never been noticed or quoted, either by 
systematic writers on physiological chemistry or by those who have 
devoted their attention to, or written upon, the subject which formed 
the life-work of the Dorpat professor. There can be no question that 
Schmidt’s cytoglobin was an exceedingly impure mixture of nucleo- 
proteids, an opinion which is based upon the fact that his substance 
contained 12 ‘52 per cent, of ash, and that, on ultimate organic 
analysis, the amount of carbon found was 56'36 per cent., as compared 
with 45*83, the percentage of carbon in the nucleoproteid of the 
pancreas. Still the fact remains that this indefatigable workei*, whose 
suggestive writings have been too little read, left data which prove 
that the so-called “ Cytoglobin ” was nucleoproteid in nature, though 
in no sense a definite proximate principle, and that this impure mixture 
of huoleoproteids was characteristically dextrogyrous. 

3f(mh 4, 1903. A. G. 

* Alexander Sclunxdfc, * Zuv Blutlehre,’ Leipzig, Yerlag v. F. 0. W, Yogel, 1892. 
Eefer to the chapter entitled ** IJeher den in Wasser ISslichen Bestandtheil de» 
Protoplasmas,” &o. (pp. 127 — 142) ; ‘ Weitere Beitraege zur Blutlehre * (nach des 
Yerfassers Tode herausgegeben). Wiesbaden, J. E. Bergmann, 1895. Eefer to- 
the chapter entitled “Zur Xenntniss des Protoplasmas und seiner Berivate^" 
(pp. 201--249). 
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“A Note on a Form of Magnetic Detector for Hertzian Waves, 
adapted for Quantitative Work.” By Dr. J. A. Fleming' 
F.E.S., Professor of Electrical Engineering in University 
College, London. Eeceived Febrnary 11, — Bead March 5 
1903. 


The known power of electrical oscillations to demagnetise ii-on or 
steel was first applied in the construction of a detector of Hertzian 
waves, as far as the author is aware, by Mr. E. Eutherford.* The 
power possessed by electrical oscillations to anniil the magnetic 
hpteresis of iron was discovered by Mr. G. Marconi and' applied by 
him in the construction of his ingenious and extraordinarily sensitive 
Hertzian wave detector, for use in connection with wireless tele- 
graphy, t 

The follo'mng note describes a form of magnetic Hertzian wave 
detector, which has been constructed by the writer for the purpose of 
quantitative experiments in connection ■with Hertzian waves. 

Every one who has experimented with a Hertzian oscillator, or 
electric wave radiator in any form, involving a spark gap, is well 
a'ware of the immense difference in the radiative power produced by 
slight alterations in the nature of the spark or the spark balls, and has 
felt the want of some instrument which shall indicate and measure 
exactly the intensity of the radiation. As a recei'ving instrument, the 
coherer or senative imperfect contact is of very little use quantita- 
tively, because its indications are influenced by very slight accidental 
changes at the contact or contacts. Thus, the sensitiveness of the 
metallic filings coherer depends upon the manner in which it was left 
after its last use, and by the mode in which it is tapped or shaken, 
and the change in the conductivity which it experiences on the impact 
of an electric wave, is variable and uncertain. Hence, although sensi- 
tive as a mere wave detector, the coherer is of little or no use in 
quantitative work On the other hand, the magnetic detector is not 
only superior to the coherer in sensitiveness when properly con- 
structed, but is capable of being used as a measuring instrument. In 
the form m which it was constructed by Mr. Eutherford, an extremely 
fine bundle of iron or steel wires was magnetised by means of a 
magnet, or by being placed in the interior of a solenoid, and then 
demagnetised by an electrical oscillation passing through another coil 


“0“ Magnetic Detector of Electric Waves and 

t Mr. G. Ma^ni, “Note on a Magnetic Detector for Electric Waves which 
^ Telegraphy,” ‘Roy*. Soc. Proc.,’ 1902, 
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surrounding it. The amount of demagnetisation was detected Iby 
means of a magnetometer. In this form, it has been much used in 
-experimental work, but it was not a telegraphic receiver.* 

In the sensitive telegraph receiver invented by Mr. Marconi the 
-change in magnetisation of the iron, due to the temporary abolition of 
hysteresis, is detected by the production of a sound in a telephone 
■connected to a secondary coil surrounding the iron. 

After trying various forms, the writer has found that a convenient 
magnetic detector for Hertzian waves can be constructed in the follow- 
ing manner : — 

On a pasteboard tube, about f of an inch in diameter and 5 or 
6 inches long, are placed six bobbins of hard fibre, each of which 
contains about 6000 turns of No. 40 silk covered copper wire. These 
bobbins are joined in series, and form a well-insulated secondary coil, 
having a resistance of about 6000 ohms. In the interior of this tube 
-are placed seven or eight small bundles of iron wire, each about 

inches in length, each bundle being composed of eight wires, No. 26 
S.W.G. in size, previously well paraffined or painted with shellac 
varnish. Each little bundle of iron is wound over uniformly with a 
magnetising coil formed of No. 36 silk-covered copper wire in one 
layer, and over this, but separated from it by one or two layers of 
gutta-percha tissue, is wound a single layer of No. 26 wire, forming a 
demagnetising coil. This last coil is in turn covered over with one or 
two layers of gutta-percha tissue. 

The magnetising or inner coils are connected in series with one 
another, so that when a current passes through the whole of them, it 
magnetises the whole of the wires in such a manner that contiguous 
ends have the same polarity. The outer or demagnetising coils are 
joined in parallel. Associated with this induction coil is a rotating 
commutator, consisting of a number of hard fibre discs secured on a 
■steel shaft, which is rotated by an electric motor about 500 times a 
minute. There are four of these fibre discs, and each disc has let in 
its periphery a strip of brass, occupying a. certain angle of the circum- 
ference. These wheels may be distinguished as Nos. 1, 2, 3, and 4. 
The brass sector of No. 1 occupies 95*’ of its circumference; the brass 
sectors of Nos- 2 and 3 occupy 135“ of their circumference ; and that 
<^f No. 4 disc HO** of its circumference. Four little springy bra^s 
brushes make contact with the circumference of these wheels, and 
therefore serve to interrupt or make electric circuits as the disc 
revolves. The function of the disc No. 1 is to make and break the 

* IJfote added March 7tli. A general term seems to be required to include all 
forms of wave-detecting devices. The author suggests the word Jcumascojpe (from 

Kuna, a wave) for this purpose. Uncouth phrases, such as anticoherer or selfo- 
decoherinff‘co7ierer, which have crept into use in connection with Hertzian wave 
telegraphy, would be rendered unnecessary. 


2 G 2 
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circuit of tlie magnetising coils placed round the iron bundles, and 
thus by applying a magnetising current to magnetise them during a 
portion of one period of rotation of the disc, and leave them mag- 
netised in virtue of magnetic retentivity during the remaining portion. 
The function of discs 2 and 3 is to short-circuit the terminals of the 
secondary coil of the bobbin during the time that the magnetising 
current is being applied by disc No. 1. A sensitive movable coil 
galvanometer is employed in connection with the secondary coil, one 
terminal of the galvanometer being permanently connected to one 
terminal of the secondary coil, and the other terminal connected 
through the intermittent contact made by the disc No. 4, This dise 
No. 4 is so set that during the time that the secondary coil is short- 
circuited, and whilst the battery current is being applied to magnetise 
the iron wdre bundles, the galvanometer circuit is interrupted by the 
contact on disc No. 4. 

The operations which go on during one complete revolution of the 
discs are as follows : — First the magnetising current of a battery of 
secondary cells is applied to magnetise the iron bundles, and during 
the time this magnetising current is being applied, the terminals of 
the fine wire secondary coil are short-circuited and the galvanometer 
13 disconnected. Shortly after the magnetising current is interrupted 
the secondary bobbin is unshort-circuited, and an instant afterwards 
the galvanometer circuit is completed and remains completed during 
the remainder of one revolution. Hence, during a large part of one 
revolution, the ii'on wire bundles are left magnetised, but the mag- 
netising current is stopped and the galvanometer is connected to the 
secondary coil. If during this period an electrical oscillation is passed 
through the demagnetising coils, an electromotive force is induced in 
the secondary bobbin by the demagnetisation of the iron and causes, 
a deflection of the galvanometer coil. Since the interrupter discs 
are rotating very rapidly, if the electrical oscillation continues, these 
intermittent electromotive impulses produce the effect of a continuous 
current in the galvanometer circuit, resulting in a steady deflection, 
which is proportional to the demagnetising force being applied to the 
iron, other things remaining equal. If the oscillation lasts only a very 
short time, the galvanometer will make a small deflection ; but if the 
oscillation lasts for a longer time, then the galvanometer deflection 
is larger, and tends to become steady. 

By means of such an arrangement it is possible to verify the law 
according to which variation falls off with distance. The instrument 
can be employed also as a telegraphic receiving instrument, but its 
chief use will be for comparing together the wave-making power of 
different radiators. For this purpose the oscillation coils must be con- 
nected to two long connecting wires, or one end may be connected .to' 
the earth and the other to a vertical aerial. This detector serves, for 
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instance, to show in a very marked manner the great effect of slight 
differences in the surface of the*spark balls. If a steady series of 
.sparks from an induction coil is passed between the spark balls of a 
Hertz linear radiator, it will produce a steady deflection on a galvano- 
meter connected with the above-described receiver placed at a distance. 
If the balls are then polished, the galvanometer deflection immediately 
increases considerably. If, on the other hand, the balls are slightly 
.smeared with oil, the galvanometer deflection decreases. • If the 
radiator is approached to the receiver, or withdrawn from it, corre- 
sponding variations in the galvanometer deflection take place. 

, Such an instrument will probably be found of great use in connec- 
tion with the design of radiators and transmitters for Hertzian wave 
wireless telegraphy. Up . to the present it has been generally difficult 
to ascertain whether an improvement in the signalling is due to an 
accidental increase in sensitiveness in the coherer, or to any alteration 
or change made in the transmitter. 

Similarly, thednstrument promises to be of considerable use in the 
investigation of the transparency or opacity of various substances to 
Hertzian waves, not merely cpalitatively, but in the determination of 
.a coefficient of absorption. Preliminary experiments of this descrip- 
tion made with the above-described instrument seem to promise for it 
a field of practical utility, both in the laboratory and in connection 
with Hertzian wave telegraphy. 

In the numerous experiments which finally resulted in the construc- 
tion of the above-described form of wave detector, it was found to be 
essential to have the iron coi'e in the form of a number of small 
bundles of iron wire, each wound over with its own magnetising and 
demagnetising coil. No good results could be obtained wheat the iron 
■core was in the form of a large bundle, say half an inch in diameter, 
and enveloped by a single magnetising and demagnetising coil. 

Another condition of success is the short-circuiting of the fine wire 
.secondary coil during the time of magnetisation of the core. The core 
can be indefinitely increased in size, provided the augmentation of 
mass is obtained by multiplying small individual cores, each consisting 
of not more than eight or ten fine iron wires, and each w’ound over 
with a separate magnetising and demagnetising coil. The electro- 
motive force in the secondary coil can in this manner be increased as 
much as is desired, and a very sensitive wave detector produced. The 
commutator can be driven either by an electric motor or by any other 
source of power. 

In conclusion, I have pleasui’e in mentioning the intelligent assistance 
rendered to me by Mr. A. Blok in the experiments conducted in con- 
nection with this appliance. 
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A. New Form of Self-restoring Coherer.*' By Sir Olivee Lodge, 
r.E.S. Conimunicatecl verbally March 5, — Eeceived ia 
Manuscript March 18, 1903. 

On the general subject of the detection of Hertzian waves the 
writer took the opportunity of the discussion on Dr. Fleming's paper- 
(p. 398), to describe briefly the latest form of coherer, which Dr. Muir- 
head and he had brought out and always now employed in connection 
with space telegraphy, and which their assistant Mr. E. E. Eobinson 
had helped to work out. It might be described as a development of 
the mercury form of coherer described some years ago by Lord 
Eayleigh, and again in a modified fashion by Mr. Eollo AppleyarcL 
In Lord Eayleigh's form this consisted of a pool of mercury cut across 
with a paraffined knife, and the two half pools connected to a battery 
and key. As soon as^ the key was depressed so as to throw a few 
volts on to the intervening film of oil, the electrostatic pressure seemed 
to squeeze the oil out, and the pools of mercury became one. 

Needle points dipping in oil and mercury were tried as practical 
coherers, the points being pulled out eleetromagnetically every time a 
signal arrived. Eotating forms of contact for automatic decoherence 
were also tridd in various forms, and ultimately the method took the 
form of a rotating sharp-edged steel wheel, about half an inch in dia- 
meter, constantly touching a pool or column of mercury on which was 
a thin layer of oil. No effective contact occurs between the wheel and 
the mercury, notwithstanding the immersion, because of the film of oil y 
but the slightest difference of potential applied to the two, even less 
than one volt, is sufficient to break the film down and complete a 
circuit, which, however, the rotation of the wheel instantaneously 
breaks again. The spark is so sudden that for its purposes the wheel 
is for the instant virtually stationary, and yet the decohesion is so 
rapid that signals can be received in very rapid succession. The 
definiteness of the surfaces and of the intervening layer make the 
instrument remarkably trustworthy, and the thinness* of the insulating 
film makes it very sensitive. In fact a single cell of a battery cannot 
be employed as a detector, because it is of too high a voltage for the 
film to stand. A fraction of a volt is employed by a potentiometer 
device — usually something like one-tenth of a volt — and it is adjusted 
to suit circumstances. The battery acts through the coherer direct on 
a low resistance recorder, and the record on the strip shows every 
character of the arriving pulses, and exhibits any defect in the signal- 
ling. Provided that every joint and contact, except the one intended 
to be filmed, is thoroughly good, the coherer in this form is so definite 
and satisfactory that it becomes safe to say that the only outstanding 
defects are those which occur at the sending end. The signals are 
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picked up and recorded precisely as they are emitted, as has been 
tested by intercalating a siphon recorder in a much diluted tapping 
circuit at the sending end, so as to get a record with which to make 
comparison. The traces obtained at the’ two ends are identical to a 
surprising degree. 

The mercury level has an adjustment which is easily made. One 
precaution is to keep the rim of the wheel clear of dust, which is done 
by a cork or leather pad pressed lightly against it by a spring. 

The instrument is not at all sensitive to tremor, and requires no 
particular delicacy of adjustment. The wheel has to be positive, the 
mercury negative. 

A telephone in circuit, through a transformer or otherwise, affords 
an easy method of discriminating the signals by ear. The speed of the 
wheel gives another convenient adjustment to suit various circum- 
stances. 


On Central American Earthquakes, particularly the Earthquake 
of 1838.’’ By Admiral Sir JoH2f Dalrymple Hay, Bart., 
G.C.B., E.R.S. Eeceived March 6, — Bead March 19, 1903. 

The very interesting report of Dr. Tempest Anderson and Dr. J. 
S. Flett on “Recent Volcanic Eruptions in the West Indies,” induces 
me to suggest that inquiries should be made in Colombia and in 
Central America as to disturbances in those regions, in order to trace 
the connection existing between the earthquakes and volcanic- erup- 
tions which are there so prevalent, and those in the West Indies. 

Doubtless Mr. Welby, who has just returned to his post at Sta. Ed 
de Bogota, might be able to obtain thence some information on this- 
matter. 

In the British Association Report, of 1858, upon Earthquakes, those 
of 1835 and of 1841 are given ; but, unfortunately, no information is- 
given as to the effect of those disturbances from any British source. 

The British Association in both cases seem to have been mainly 
indebted for their information to the Academic, and hence the effects in 
Martinique and Guadeloupe are quoted, but nothing is reported from 
our West India Islands. 

One of the most terrible disturbances in its effects, that of 1838, is 
not even alluded to. The only record of it is in the work of E. G. 
Squier, late Chargd d' Affaires from the U.S. of America to the Repub- 
lics of Central America (2 vols., Appleton, New York, 1852), who 
was commissioned by his Government to report upon that region in 
reference to the Nicaraguan Canal. Yol. 1 has the map ; vol. 2, pp. 
114, 115, and p. 162 alludes to the eruptions of Cosequina in 1838, 



404 On Central American Earthguahes, etc. [Mar. 6, 

and in describmg the earthquakes and disturbances and eruptions of 

S/C M fZ Popayan, 

Bogota Sta. Marta, Caracas, Hayti, Cura 9 ao, and Jamaica. 

+j,f ! 1 °^ interest to record my personal observations of 
qu^es and eruptions of 1838 as given in the log of H.M S 
thenSg. (afterwards Sir Henry) Bruce, in which I was 

On Friday, November 16, 1838, noon, Lat. 6° 2' N, Long., 82° 9' W 

Sn ^ Panama) bearing N. 38 w' 

490 miles. At 10 p.m. we felt the shock of an earthquake 

November 20, 1838, at 3.5 a.m., noon of that day Lat 
Calm o^T Thf'to^ 'l' “ succession! 

till daylight, uncertain whether she had struck on a wreck or whetW 

she was damaged. She rolled over to the limit of her capacity on 
three successive occasions. capacity on 

spette?' T® extraordinary 

spectacle The sea was white, as if it had been mixed with marl and 

st ^ reach, the sea was covered with fish of various 

°° November 35, «nd pememed there 

0. ptoLMS:s^,rv:;Sgrhf«ifr“f 

was in eruntion hiTt v • ^ ^ ^^onseca. Cosequina 

distob?nS^’and^dthonJh^“°'^^ ^®®'' of ‘his seismic 

St.^tS’lrSiiwv u ‘mo”! ™ ■■•ported at 

1. recorded a, toTba^i’ ’ ® “on»tion 
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The Emanations of Eadium.'’ By Sir William Ckookes, r.E.S. 
Eeeeived March 17, — Eead March 19, 1903. 

A solution of almost pure radium nitrate which had lieen used for 
^pectrographic work, was evaporated to dryness in a dish, and the 
-crystalline residue examined in a dark room. It was feebly luminous. 

A screen of platinocyanide of barium brought near the residue 
glowed with a green light, the intensity varying with the distance 
separating them. The phosphorescence disappeared as soon as the 
screen was removed from the influence of the radium. 

A screen of Sidot’s hexagonal blende (zinc sulphide), said to be 
useful for detecting polonium radiations, was almost as luminous as 
the platinocyanide screen in presence of radium, but there was more 
residual phosphorescence, lasting from a few minutes to half an hour 
or more according to the strength and duration of the initial excite- 
ment. 

The persistence of radio-activity on glass vessels which have con- 
tained radium is remarkable. Filters, beakers, and dishes used in the 
laboratory for operations with radium, after having been washed in the 
usual way, remain radio-active ; a piece of blende screen held inside 
the beaker or other vessel immediately glowing with the presence of 
radium. 

The blende screen is sensitive to mechanical shocks. A tap with 
the tip of a penknife will produce a sudden spark of light, and 
a scratch with the blade will show itself as an evanescent luminous 
line. 

A diamond crystal brought near the radium nitrate glowed with a 
pale bluish-green light, as it would in a Eadiant Matter ” tube under 
the influence of cathodic bombardment. On removing the diamond 
from the radium it ceased to glow, but, when laid on the sensitive 
screen, it produced phosphorescence beneath, which lasted some 
minutes. 

During these manipulations the diamond accidentally touched the 
radium nitrate in the dish, and thus a few imperceptible grains of the 
radium salt got on to the zinc sulphide screen. The surface was 
immediately dotted about with brilliant specks of green light, some 
being a millimetre or more across, although the inducing particles 
were too small to be detected on the white screen when examined by 
daylight. 

In a dark room, under a microscope .with a |-inch objective, 
each luminous spot is seen to have a dull centre surrounded by a 
luminous halo extending for some distance around. The dark centre 
itself appears to shoot out light at intervals in different directions. 
Outside the halo, the dark surface of the screen scintillates with sparks 
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of light. No two flashes succeed one another on the same spot, hut 
are scattered over the surface, coming and going instantaneously, no 
movement of translation being seen. 

The scintillations are somewhat better seen with a pocket lens 
magnifying about 20 diameters. They are less visible on the barium 
platinocyanide than on the zinc sulphide screen. 

A powerful electro-magnet has no apparent effect on the scintillations, 
which appear quite unaffected when the current is made or broken, 
the screen being close to the poles and arranged axially or equatorially* 

A solid piece of radium nitrate is slowly brought near the screen. 
The general phosphorescence of the screen as visible to the naked eye 
varies according to the distance of the radium from it. On now 
examining the surface with the pocket lens, the radium being far off 
and the screen faintly luminous, the scintillating spots are sparsely 
scattered over the surface. On bringing the radium nearer the screen 
the scintillations become more numerous and brighter, until when 
close together the flashes follow each other so quickly that the 
surface looks like a turbulent luminous sea. When the scintillating 
points are few there is no residual phosphorescence to be seen, and the 
sparks succeeding each other appear like stars on a black sky. When, 
however, the bombardment exceeds a certain intensity, the residual 
phosphorescent glow spreads over the screen, without, however, inter- 
fering with the scintillations. 

If the end of a platinum wire which has been dipped in a solution 
of radium nitrate and dried is brought near the screen, the scintilla- 
tions become very numerous and energetic, and cease immediately 
the wire is removed. If, however, the end of the wire touches the 
screen, a luminous spot is produced, which then becomes a centre of 
activity, and the screen remains alive with scintillations in the neigh- 
bourhood of the spot for many weeks afterwards. 

“ Polonium ” basic nitrate produces a similar effect on the screen, 
but the scintillations are not so numerous. 

Microscopic glass, very thin aluminium foil, and thin mica do not 
stop the general luminosity of the screen from the X-rays, but arrest 
the scintillations. 

I could detect no variation in the scintillations when a rapid blast 
of air was blown between the screen and the radium salt. 

A beam of X-rays from an active tube was passed through a hole 
in a lead plate on to a blende screen. A luminous spot was pro- 
duced on the screen, but I could detect no scintillations, only a smooth 
uniform phosphorescence. A piece of radium salt brought near gave 
the scintillations as usual, superposed on the fainter phosphorescence 
caused by the X-rays, and they were not interfered with in any degree 
by the presence of X-rays falling on the same spot. 

During these experiments the fingers soon become soiled with radium, 
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and produce , phosphorescence when brought near the screen. On 
turning the lens to the, apparently, uniformly lighted edge of the 
screen close to the finger, the scintillations are seen to be closer and 
more numerous ; what to the naked eye appears like a uniform “ milky 
way,” under the lens is a multitude of stellar points, flashing over the 
whole surface. A clean finger does not show any effect, but a touch 
with a soiled finger is sufficient to confer on it the property. Washing 
the fingers stops their action. 

It was of interest to see if rarefying the air would have any ejffect 
on the scintillations. A blende screen was fixed near a fiat glass 
window in a vacuum tube, and a piece of radium salt was attached 
to an iron rocker, so that the movement of an outside magnet 
would either bring the radium opposite the screen or draw it away 
altogether. A microscope gave a good image of the surface of the 
screen, and in a dark room the scintillations were well seen. No 
particular difference was observed in a high vacuum ; indeed, if any- 
thing, the sparks appeared a trifle brighter and sharper in air than 
in vacuo. A duplicate apparatus in air was put close to the one in 
the vacuum tube, so that the eye could pass rapidly from one to the 
other, and it was so adjusted that the scintillations were about equal 
when each was in air. The vacuum apparatus was now exhausted 
to a very high point, and the appearance on each screen was 
noticed. Here again I thought the sparks in the vacuum were not 
quite so bright as in air, and on breaking the capillary tube of the 
pump, and observing as the air entered, the same impression was left 
on my mind; but the differences, if any, are very minute, and are 
scarcely greater than might arise from errors of observation. 

It is difficult to form an estimate of the number of flashes of light 
per second. But with the radium at about 5 cm. off the screen they 
are barely detectable, not being more than one or two per second. As 
the distance of the radium diminishes the flashes become more fre- 
quent, until at 1 or 2 cm. they are too numerous to count. 

[Added March 18. — On bringing alternately a Sidot's blende screen 
and one of barium platinocyanide,- face downwards, near a dish of 

polonium ” sub-nitrate, each became luminous, the blende screen being 
very little brighter of the two. On testing the two screens over a 
crucible containing dry radium nitrate, both glowed ; in this case the 
blende screen being much the brighter. Examined vdth a lens, the 
light of the blende screen was seen to consist of a mass of scin- 
tillations, while that of the platinocyanide screen was a uniform 
glow, on which the scintillations were much less apparent. 

The screens were now turned face upwards so that emanations 
from the active bodies would have to pass through the thickness of 
card before reaching the sensitive surface. Placed over the “ polonium ” 
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neither screen showed any light. Over the radium^ the platino- 
oyanide screen showed a very luminous disc, corresponding with the 
opening of the crucible, hut the blende disc remained quite dark. 

It therefore appears that practically the whole of the luminosity 
on the blende screen, whether due to radium or “ polonium,^’ is occa- 
sioned by emanations which will not penetrate card. These are the 
emanations which cause the scintillations, and the reason why they 
are distinct on the blende and feeble on the platinocyanide screen, 
is that with the latter the sparks are seen on a luminous ground 
of general phosphorescence which renders the eye less able to see the 
scintillations. 

Considering how coarse-gTained the structure of matter must be to 
particles forming the emanations from radium, I cannot imagine that 
their relative penetrative powers depend on difference of size. I 
attribute the arrest of the scintillating particles to their electrical 
character, and to the ready way in which they are attracted by the 
coarser atoms or molecules of matter. I have shown that radium 
emanations cohere to almost everything with which they come into 
contact. Bismuth,* lead, platinum, thorium, uranium, elements of 
high atomic weight and density, possess this attraction in a high 
degree, and only lose the emanations very slowly, giving rise to what 
is known as •“ induced radio-activity.” The emanations so absorbed 
from radium by bismuth, platinum, and probably other bodies, retain 
the property of producing scintillations on a blende screen, and are 
non-penetrating.] 

It seems probable that in these phenomena we are actually wit- 
nessing the bombardment of the screen by the electronsf hurled off 
by radium with a velocity of the order of that of light ; each scin- 
tillation rendering visible the impact of an electron on the screen. 
Although, at present, I have not been able to form even a rough 
approximation to the number of electrons hitting the screen in a given 
time, it is evident that this is not of an order of magnitude incon- 
ceivably great. Each electron is rendered apparent only by the 
enormous extent of lateral disturbance produced by its impact on the 
sensitive surface, just as individual drops of rain falling on a still 
pool are not seen as such, but by reason of the splash they make on 
impact, and the ripples and waves they produce in ever-widening 
circles. 


* I Lave been quite unable to detect any lines bub tliose of bismuth (and of 
known impurities) in the spectrum of the strongest and most active ‘‘polonium’^ 
salt I hare been able to procure. 

t !Badiant matter, satellites, corpuscles, nuclei 5 whatever they are, they act like 
material masses. 
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Bakerian Lecture. — ‘'On the Constitution of the Copper-Tin 
Series of Alloys/’ By C. T. Heycogk, F.E.S., and F. H. 
Neville, F.E.S. Eeceived February 26, — Lecture delivered 
February 26, 1903. 

(Abstract.) 

This paper is an attempt to fill a very serious gap in the study of 
alloys. As a rule, an alloy begins to be interesting when the tempera- 
ture of the liquid alloy has fallen to its freezing point. This point, 
which records the moment when solid first appears in the liquid, is 
easily observed on account of the evolution of latent heat that occurs 
on the formation of solid, and if the freezing points of all the alloys 
of a series are determined, we can plot the freezing-point curve. 
Many such curves have been traced in the last ten years : that of the 
copper-tin alloys, is given by the upper line in our diagram. The 
curve consists of several branches cutting each other in angular 
points. The one thing that these curves record without ambiguity is 
the number of different solids that can crystallise out of the liquid 
alloys, for each branch corresponds to the crystallisation of a different 
substance. But this is almost all that such curves tell us with certainty. 
They do not tell us whether the solids forming are the pure metals, 
or pure compounds, or crystalline solid solutions of the metals. Other 
experiments are needed to decide such questions. 

The other great branch of the study of alloys consists in the 
microscopic examination of the solid alloys after they have cooled to 
oi*dinary temperature, that is to say, after they have, in general, ceased 
to undergo change. Between these two series of experiments there is 
an enormous gap of temperature, it may be 1000 or 500 degrees, and it 
is in this range of temperature that the whole life-history of the alloy, 
regarded as an organism, is to be found. The only fruitful experiments 
we know of dealing with this intermediate region are the cooling 
curves of Eoberts- Austen and Stansfield. These observers traced auto- 
matically the whole of the cooling of the bronzes and obtained some 
remarkable results. They found that the evolution of heat at the 
freezing point was often succeeded at much lower temperatures by 
other, evolutions of heat, and that many of these must have occurred 
after the alloy had wholly solidified. These thermal changes point to 
important chemical or physical changes^ though they do not tell us 
what these changes are. They suggest, however, that the final patterns 
found by the microscope in the solid alloys are likely to be very 
complicated, as they may contain several records superposed the one 
on the other. We found these patterns very beautiful, but hopelessly 
complicated. 
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It occurred to us, and this is the method of the paper, that we could 
simplify the phenomena by a systematic chilling of the ingots at 
selected temperatures. A number of small ingots of the same alloy 
were placed in separate tubes in a bath of tin, together with a recording 
pyrometer, the temperature was raised above the freezing point of the 
alloy, and the whole very slowly cooled, the slow cooling being an 
essential feature of the experiment. Ingots were then extracted at 
selected temperatures and rapidly chilled by immersion in water. 
The microscopic examination of these chilled ingots showed that it 
was quite easy to distinguish the large crystals, that had formed during 
the slow cooling preceding the chill, from the matter that was liquid 
when the ingot was withdrawn from the furnace. 

Successive chills of an alloy exhibit the solid growing in amount as 
the temperature falls, and finally show the ingot completely full of solid. 
We thus obtain, with very reasonable accuracy, the temperature of com- 
plete solidification of the alloy ; and by applying the method to alloys 
with different percentages of tin we have traced a new curve, the 
^‘solidus,” or curve of complete solidification. The solidus of the 
bronzes is the second line of the diagram. It is a remarkable line, 
made up of sloping, horizontal and vertical branches. As in the 
freezing-point curve, each branch corresponds to the crystallisation of 
a different solid. 

In the notation of Professor Eoozeboom, the upper ciu've ABC ... I, 
is called the liquidus, because all wholly liquid alloys lie above it ; 
and the solidus, A&Zafe/E 2 E 3 H'H"I, is so named because all wholly 
solid alloys lie below it. 

The solidus of the bronzes is remarkable for the very narrow range 
of temperature within which some alloys pass from the wholly liquid 
to the wholly solid state! 

According to Eoozeboom’s theory, each sloping branch of the solidus, 
and there are four such in the diagram, corresponds to the crystalli- 
sation out of the liquid of a , different series of solid solutions, each 
vertical part to the crystallisation of a pure body, and each horizontal 
part to the case of the solid alloy at temperatures immediately below 
the solidus, being a complex of two substances. Our examination of 
the chilled ingots has completely verified all these statements. 

The evolutions of heat observed by Eoberts- Austen and Stansfield at 
temperatures corresponding to the point C, D, G and H are due to 
definite chemical transformations in which one solid is decomposed 
and another is formed. Chills taken immediately above and below 
these critical temperatures reveal the nature of each change most clearly. 

The transformations at C, D, and especially at H, are very slow and 
do not become complete unless the temperature is maintained constant 
for hours or days at a point sh'ghtly below the transformation tem- 
perature, but all these changes can be made to agree e;j£actly with 
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theory if time is allowed for them. The change at the G temperature 
is the breaking up of a solid solution into a mixture of the compound 
CuaSn and liquid, and is instantaneous : here we have a case of a solid 
partially melting as it cools. 

The curve IXE/ forms with* the part of the solidus immediately 
above it an area, roughly triangular, within which all the alloys appear 
to be imiform solid solutions, but, as soon as an alloy cools to the curve^ 
it becomes satoated and a new body crystallises out of the solid 
solution. One branch of the curve IXE'/ corresponds to the crystal 
lisation of a body rich in copper, the other to the crystallisation of a 
body rich in tin, which is probably the pure compound Cu 4 Sn. The 
angle X (or rather O'), is the eutectic angle at which both bodies 
crystallise together, the whole phenomenon being exactly like 
crystallisation out of a liquid. 

All the results obtained from the study of the chilled alloys are in 
harmony with the pyrometrie work of Eoberts-Austen and Stansfield, 
and many of the changes we have examined correspond to an 
evolution of heat recorded by them. 

. The paper is an extension of a short paper published by us in the 
^Proceedings’ of December, 1901. 


On the Formation of Barrier Reefs and of the Different Types of 
Atolls.” By Alexander Agassiz, For. Mem. E.S. Received 
February 7, — Read March 19, 1903. 

The results here presented are based upon observations carried on 
during the past 25 years in Florida, the Bermudas, Bahamas, Cuba, 
Jamaica, and the West Indies in the Atlantic. They include in the 
Pacific the Galapagos, the Hawaiian Islands, the Great Barrier Eeef of 
Australia, the Fiji Islands, and the Coral Reefs and Islands of the 
tropical Pacific, from the Marquesas to the Paumotus, the Society 
Islands, the Cook Archipelago, Niue, the Tonga, Ellice, Gilbert, and 
Marshall Islands, the Carolines and Southern Ladrones, and the 
Maldives, in the Indian Ocean. 

Recognising that Darwin’s theory did not ex|)lain the conditions 
observed, my reports were limited to descriptions of the different types 
of Coral reefs and of the causes to which they probably owed their 
formation, and no attempt was made to establish any independent 
general theory. 

Beginning with the Barrier Reefs, we find that those of Fiji, the 
Hawaiian Islands, and the West Indies usually flank volcanic islands 
and are underlaid by volcanic rocks. Those of New. Caledonia, 
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Australia, Florida, Honduras, and the Bahamas, are underlaid by 
outliers of the adjoining land masse»s, which crop out as islands and 
islets on the very outer edge of the Barrier Reefs. Some of the 
Barrier Reefs of the Society Islands, of Fiji, and of the Carolines, 
show that the wide and deep lagoons, separating them from the land 
mass, have been formed by erosion, from a broad fringing reef flat. 
Encircling reefs, such as characterise especially the Society Islands, 
hold to their central island or islands the same relation which a 
Barrier Reef holds to the* adjoining land mass. Denudation and 
submarine erosion fully account for the formation of platforms upon 
which coral reef and other limestone organisms may build, either 
barrier or encircling reefs, or even atolls, rising upon a volcanic base, 
of which the central mass may have disappeared, as in Fiji, the 
Society and Caroline Islands. 

We may next take the type of elevated islands of the Paumotus, 
the Fiji, the Gilbert, and the Ladrones, many composed only of 
tertiary limestones, others partly of limestone, and partly volcanic. 
We can follow the changes from an elevated island, like Niue, or 
Makatea in the Paumotus, to an island like Niau, through a stage like 
Rangiroa .to that of the great majority of the atolls in the Paumotus. 
The reef-flats and outer reefs flanking elevated islands, hold peculiar 
relation to them, they are partly those of Barrier Reef and partly of 
Fringing Reef. We may also trace the passage of elevated plateaux 
like Tonga, Guam, and islands in Fiji, partly volcanic and partly lime- 
stone, to atolls where only a small islet or a larger island of either 
limestone or volcanic rock is left to indicate its origin. Atolls may 
also be formed upon the denuded rim of a volcanic crater, as at 
Totoya and Thombia in Fiji, as well as in some of the volcanoes east 
of Tonga. 

In the Ellice and Marshall group and the Line Islands, are a number 
of atolls, the underlying base of which is not known, and where wo 
can only follow the formation of the land rim of the atoll, as far as it 
is due to the agency of the trades or of the monsoons in constantly shift- 
ing the superficial material (prepared by boring organisms) which goes to 
form its rim. Many of the atolls in the Pacific are merely shallow 
sinks, formed by high sandbanks, thrown up around a central area. 

Throughout the Pacific, the Indian Ocean, and the West Indies the 
most positive evidence exists of a moderate, recent elevation of the 
coral reefs. This is shown by the bosses, pinnacles, and undermined 
masses of modern or tertiary limestone left to attest it. The existence 
of honeycombed pinnacles of limestone within the lagoons of atolls, 
as shoals, islands, or islets, shows the extent of the solvent action of 
the sea upon land areas, having formerly a greater extension than at 
the present day. Signs of this solvent action are to be seen every- 
where among coral reefs. Atmospheric denudation has played an 
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important part in reducing elevated limestone islands to the level of 
the sea, by riddling them with caverns and by forming extensive sinks, 
often taken to be elevated lagoons. 

Closed atolls can hardly be s«aid to exist ; Niau in the Paumotus is 
the nearest approach to one, yet its shallow lagoon is fed by the sea 
through its porous ring. Sea water may pass freely into a lagoon at 
low tide over extensive shallow reef flats where there are no boat 
passages. The land ai’ea of an atoll is relatively small compared to 
that of the half -submerged reef flats. This is specially the case in 
the Marshall Islands and the Maldives where land areas are reduced to 
a minimum. 

The Maldivian plateau with its thousands of small atolls, rings, or 
lagoon reefs, rising from a depth varying from 20 to 30 fathoms, is 
overwhelming testimony that atolls may rise from a plateau of suitable 
depth, wherever and however it may have been formed and whatever 
may be its geological structure. On the Yucatan plateau similar con- 
ditions exist regarding the formation of atolls, only on a most limited 
scale. 

The great coral reef regions are within the limits of the trades and 
monsoons and areas of elevation, with the exception of the Ellice 
and Marshall Islands and some of the Line islands. The extent of 
the elevation is shown by the terraces of the elevated islands of the 
Paumotus, Fiji, Tonga, Ladrones, Gilbert, and West Indies, or by the 
lines of cliff caverns indicating levels of marine erosion. 

In the regions I have examined the modern reef rock is of very 
moderate thickness, within the limits of depth at which reef builders 
begin to grow, and within which the land rims of atolls or of Barrier 
Eeefs are affected by mechanical causes. This does not affect the 
existence of solitary deep-sea corals, of extensive growths of Oculina 
or Lophohelia at great depths, or in any way challenge the formation 
of thick beds of coralliferous limestone during periods of subsidence. 

The Marquesas, Galapagos, and a few islands in the vSociety and 
West Indies have no corals, although they are within the limits of 
coral areas. Their absence is due to the steepness of their shores 
and to the absence or crumbling nature of their submarine platforms. 
Coral reefs also cannot grow off the steep clift‘ faces of elevated, 
coralliferous limestone islands. 

Corals take their fullest development on the sea faces of reefs; 
they grow sparingly in lagoons where coralline algss grow most 
luxuriantly. Nullipores and corallines form an important part of 
the reef-building material. 
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^‘Tlie Electrical Conductivity imparted to a Vacuum by Hot 
Conductors.” By 0. W. Hichakdson, B.A., B.Sc., Fellow of 
Trinity College, Cambridge. Communicated by Professor 
J', J. Thomson, F.RS. Received February 28, — Bead March 
26, 1903, 

(Abstract.) 

The experimental part of this paper is an investigation of the 
-electrical conductivity of the space surrounding hot surfaces of plati- 
num, carbon, and sodium, at low pressures. In addition, the first 
portion of the paper is occupied in deducing a theory by which the 
-experimental results are explained. Some of the results that have 
been obtained with platinum were described in a preliminary note read 
before the Cambridge Philosophical Society on November 25, 1901. 

The present paper is subdivided as follows : — 

A. Theoretical investigation. 

1. Calculation of the saturation current. 

2. Equilibrium of corpuscles near a hot conducting plane of 

infinite area. 

B. Experimental investigation. 

1. Experiments with platinum. 

2. Experiments with carbon. 

3. Experiments with sodium. 

O. Conclusion. 

, : The experiments show that the negative leak from hot wires at low 
pressures is a definite function of the temperature of the wire, and 
in<^eases very rapidly as the temperature is raised. Professor McClel- 
land* had previously found that this leak was iiidependent of the 
pressure at pressures less than 0*04 mm., whilst Professor J. J. Thom- 
sont had shown in addition that the current was carried by corpuscles 
‘Or electrons. 

The theory here put forward to explain these facts, and those to 
be described later, is based on the corpuscular theory of conduction 
in metals. On that view a metal contains a very great number of 
•free corpuscles whose mean free path is comparable wdth that of a 
molecule in air at atmospheiic pressure. The corpuscles must, there- 
fore, be moving with a distribution of velocity given by the Boltz- 
manh-Maxwell law. Since the corpuscles do not escape from the 
metal at ordinary temperatures, it is evident that there must be a. 
•discontinuity of potential at the surface which prevents their escape. 

* ‘ Camb. Phil. Soc. Proe.,* vol. 10, p. 241, and toL IX, p. 296. 
t ‘ Phil. Mag.,* vol. 4S, p. 547. 
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On raising the temperature of the metal, the energy of the cor- 
puscles is increased, and at high enough temperatures some of them 
will he able to shoot through the surface into the surrounding space. 

The number of corpuscles which escape at any temperature has 
been calculated on this view. The saturation current, which corre- 
sponds to the number emitted per second, is given by the equation 

where 

'll is the number of free corpuscles in 1 c.c. of the metal, 

€ the charge on an ion, 

S the area of the hot-metal surface, 

E the gas constant for a single corpuscle, whose mass is in, 

B the absolute temperature, and 

^ the work done by an ion in passing through the surface layer. 

The rate at which energy is emitted, clue to this cause, is alsa 
calculated. 

Owing to the important part which the ionisation from hot bodies 
has played in certain recent cosmological theories, the equations 
which determine the equilibrium of corpuscles near a plane surface 
of hot metal of infinite extent are also given and solved. 

The chief problem which has been attacked experimentally is the 
way in which the saturation current from a negatively-charged hot 
metal surface to a neighbom-ing electrode varies with the tempera- 
ture of the metal. 

In the case of platinum, the hot metal consisted of a fine wir^ 
spiral passing along the axis of a surrounding cylindrical electrode. 
The temperature was obtained from the resistance of the wire. 

In the case of carbon, the leak was measured from a small lamp 
filament to a surrounding cylinder. The temperature was estimated 
in two ways : (1) by fastening a platinum and platino-iridium thermo- 
couple of very fine wire round the filament, and (2) from the resistance 
of the filament. 

With sodium this method could not be adopted. The metal was 
distributed on the inner surface of a steel cylinder, and the current 
from it to an insulated wire inside the cylinder was measured. The* 
temperature was obtained by a thermo-couple of copper and nickel. 
Owing, doubtless, to the peculiar shape of the electrodes and the some- 
what high pressure of the gas, the current with sodium was never 
saturated. For this reason the current under a given voltage was> 
measured instead of the saturation current. 

Incidentally, it was found necessary to examine the relation between. 
the current and the applied electromotive force. Current E.M.F, 
curves are given for all three substances, and, in the case of carbon,. 
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for a considerable range of pressures. To account for the results at 
the higher pressures, it is necessary to assume that ions are produced 
by collisions. 

The variation of current with temperature is examined over the 
following range : — 

For platinum from 10"“^® to ampere per sq. cm. of surface. 

For carbon „ IQ-s „ 2 „ „ „ 

For sodium „ „ 2 x 10“2 ampere total current. 

The corresponding ranges of temperature for platinum and sodium 
are roughly from 1000® C. to 1600® C., and from 100® 0. to 450® C. re- 
spectively. The small currents from sodium were measured with a 
quadrant electrometer, but as a general rule, a sensitive D’ Arson val 
galvanometer with suitable shunts was used. 

Perhaps the most striking result of the investigation is the rela- 
tively enormous currents which have been obtained. The biggest 
leak measured was 0*4 ampere from a cax'bon filament to an electrode 
placed near it; this corresponded to a current of 2 amph-es per sq.cm, 
of the carbon surface, the potential on the filament being -- 60 volts. 
The pressure in this experiment was only ^^^th mm. This current 
and some of the largest currents from sodium were registered on a 
Weston- ammeter. 

In all these experiments the potentials employed were too small to 
maintain a discharge between the electrodes. 

Throughout the range given above, the relation between the 
saturation current and the temperature was found to be represented 
by a formula of the type 

C - 


where A and 6 are constants for each conductor. 

The values which have been found for these constants are — 

For platinum, A = h = 4-93 x 10“^. 

For carbon, A = 10*^-^, h = 7 ‘8 x 10*^. 

9*7x10*^. [ 

11-9 X IQ-'. 3 

For sodium, A - 10*^^ h = 3*16x10*^. 

The value of A varies very rapidly with the value found for 5, so 
that only its order of magnitude is given. 

The number n of free corpuscles in a c.c. of the metal is calculated 
from A. For platinum this gives n = 10’-^^ whereas Professor 

Patterson* found lO-^. In, the case of the other conductors, the 

number found is absurdly great compared with Patterson’s values. 

‘ Pliil. Mag.’ [6], Tol. 3, p. 655. 
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The discrepancy can be made to disappear by assuming a small tern- 
pei’ature yariation of h. This assumption is shown to be consistent 
with the general nature of K 

The work required to drive an ion through the surface layer is- 
calculated, in each case, from the value of h, to which it is propor- 
tional. Dividing by the charge on an ion this yields the discontinuity 
of potential at the surface of the conductor. The values found for 
this are : for sodium, = 2*45 volts, for platinum H = 4*1 yolts, 
and for carbon = 6T volts. These numbers are inversely propor- 
tional to the cube roots of the respective atomic volumes. This leads 
to the conclusion that the work required to force a corpuscle out of a 
metal varies, approximately at any rate, inversely as the cube root of 
the atomic volume of the metal. 

In all these experiments, the current when the hot wire is charged 
positively is small compared with that obtained with the metal 
negatively charged. Only in the case of sodium was the positive 
current large enough to deflect a sensitive galvanometer. 

The results which have been obtained are shown to furnish a com- 
plete explanation of the phenomenon known as the Edison effect. 

The fact that such enormous currents are obtained at such very low 
pressures confirms the conclusion that the ions are not produced from 
the gas by its interaction with the metal. Calculation shows that to 
obtain the currents registered with carbon, each gas molecule would 
have to give rise to 25 ions each time it collided with the hot metal 
surface. 

The energy lost owing to the escape of the corpuscles is compared 
with the energy emitted in the form of ordinary electromagnetic 
radiation. The former is shown to be smaller than the latter at the 
temperatures at which measurements have been made, but it increases 
more rapidly with the temperature. 
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On a New Series of Lines in the Spectrum of Magnesium.’' By 
A. Fowler, A.K.C.Sc., F.B..A.S., Assistant Professor of 
Physics, Eoyal College of Science, South Kensington. Com- 
municated by H. L. Callendar, F.E.S. Eeceived March 9, — 
Eead March 26, 1903. 


Although the spectrum of magnesium has been the subject of many 
investigations, certain lines which occur in the arc spectrum appear to 
have hitherto escaped notice. The lines in question are comparatively 
feeble, but on account of their theoretical interest it seems desirable 
to draw attention to them. 

The new lines make their appearance in the spectrum when the arc 
is made to pass between poles consisting of magnesium rods, but 
they do not always appear with equal intensity. They are somewhat 
nebulous, especially on their less refrangible sides, so that their 
positions cannot be determined with great accuracy ; but as nearly as 
they can be ascertained with the instruments at my disposal, the 
wave-lengths are (in air), 4511-4, 4251*0, 4106*8, and 4018*3, 

A mere inspection of the photographs suggests that these lines 
constitute a regular series, associated with the much stronger series 
described by Eydberg* having wave-lengths 5528*75, 4703*33, 
4352*18, 4167*81, 4058*45, and 3987*08, according to the measures 
of Kayser and Eunge. This view seems to be sufficiently confirmed 
by calculation. 

Eydberg found that neither his own general formula nor that of 
Kayser and Eunge could be applied with sufficient accuracy to the 
stronger series, and employed a combination of the two formulcC, 
namely, 

» hr 

^ = a + To 4- T r7 

where n is the oscillation frequency, m has the values 3, 4, 5, 
and a, 5, c, and /x are constants to be determined from four lines 
belonging to the series. For the magnesium series, the eqxxatiou 
calculated by Eydberg is 


n 


26,631*44- 


111,856*92 
(m+ 0*406)^ 


147,764*05 
+ 0-406)*’ 


n being the oscillation frequency in air, and m having the values 
3, 4, 5, 6, 7, 8 for the six lines named above. 

Using the same formula for the new series, and calculating the con- 
stants from the four lines, the equation for frequencies in mcito is 


n 


26,595*4 


102,496*6 168,840*5 

(Mt + 0-618)2'^(m + 0-618)*‘ 


* ‘ Ofversigt af KoutI. Vet. Akad. Forhandl./ 1893, Stockholm. 
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Anotter formula* which may be conveniently employed is 


n = iix, - 


0 


This formula gives for the two magnesium series the equations : 

“ Rydberg ” series, n = 26,601-49 107,071-37 

(w+l-2304)H 2-13282 ’ 

Xew series, n = 26 fiRI-i. 100,033-6 

’ (™ + 0-495)^ + 2Wf9’ 

n tte oscillation frequency in vacm in each case. 

s®en that the convergence frequency of the new series is 
tbp ^ Rydberg series as can be expected with 

that TS wave-lengths employed, and it may be added 

fflPts - • constant oto is of unusual magnitude. These 

facts in conjunction with the general characters and relative intensities 

respeetively^^^'^^®^® subordinate series 

calculation of the members of the new 
series for which m = 3 and m = 2, the corresponding wave-lengths il 

r inThaviS an"''^ represenfed by 

ivedTn wave-length 5067, which is not so readily 

arp pj^^ ? Pliotographs as the others, because the plates employed 
are comparatively slow for this part of the spectrum, and if the^exM 

TouS “ spectrum of magnesium becomes strong 

rS red rf 6674-5 is perhaps too faf 

inchXs^t^fv^^^^^*^ concluded that the arc spectrum of magnesium 
wtwSl W “"Sle lines in addition to th^ 

J seS a^rs'^T combination 

metal butTwnTpf f previously noted in the spectrum of a 

d nate series, are well-known in the spectra of helium and oxygen, 
for valimble°^as!Sr^ to express his obligations to Mr. Herbert Shaw 
nvesSS! r computations involved in 

^ formula which have been suggested for 

a. .pphed to a. teriet which (o™. the .ubict ofTpoc^J 

"f “ hr »•■ Uohert ai,.w ..a 
was afterwards found that I simfl but it 

already been emnloved bv Ifr V ^ i «^P™ssed in wave-lengths, had 

1897, p. 75). ^ ^ ^ Vntcria Proc.,’ vbl. 10, Part I, 
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An Attempt to Estimate the Eelative Amounts of Krypton and 
of Xenon in Atmospheric Air.” By Sir William Eamsay, 
K,C.B., F.E.S. Eeceived March 9, — Eead March 26, 1903. 

When Dr. Travers and I isolated krypton and xenon from air, we 
had very little idea of the total amount of liquid air from which, by 
its evaporation, these gases had been obtained. And we were then 
more concerned with the isolation of the gases in a pure state than in 
the determination of the proportion in which they exist in the atmo- 
.sphere. Our knowledge of the composition of the air, however, is not 
complete until the total yield of krypton, xenon, neon, and helium has 
been determined. An estimation of the two last is being undertaken 
by Dr. Travers. 

In our experiments on these gases* we did not measure the total 
•quantity of air evaporated. We used liquid air for various purposes, and 
for some months we collected the dregs, allowing them to evaporate 
into a large gas-holder. We guessed (but it was only the roughest 
estimate) that we had accumulated in this manner the residues from 
about thirty litres of liquid air ; and on this assumption we thought 
the following estimates not improbable: — Helium, 1 — 2 parts per 
million of gaseous air; neon, 1 per 100,000; krypton, 1 per million; 
xenon, 1 per 20,000,000. But they rested on a very insecure founda- 
tion of fact. 

The first preliminary experiment was made to ascertain how much 
-of the air which passes through the Hampson liquefier is converted 
into liquid. The results, however, were inaccurate, and I would rather 
cite the conclusions given by later experiments on a much larger scale. 
The compressor was run for several hours every morning and afternoon 
during six and a Half days ; the liquefied air was weighed after each 
run ; and the escaping air passed through a large gas-meter, where its 
volume was registered. . The air escaping had a somewhat lower 
•density than ordinary air, owing to the partial removal of oxygen 
and argon ; but the experiments were not sufficiently accurate to make 
it worth while to take this into account. The volumes given are, 
however, corrected for alterations of pressure and temperature. In 
4ill, 179*7 kilos, of gaseous air passed the meter, and 10*8 kilos, of 
liquid air were collected. During the collection, about 6 per cent, 
of the liquid air evaporates; adding this, 11*4 kilos, must have been 
the total weight of air liquefied. The total weight of air taken in by 
the compressor, therefore, and delivered to the liquefier was conse- 
quently 179*7 -f 11*4 = 191*1 kilos, and the percentage liquefied a 
little under 6 per cent. The number may be taken without sensible 
-error as 6 per cent, liquefaction, 

* “ Argon and its Companions,” ‘Phil. Trans.,’ A, vol. 197, pp. 47—89. 



422 SirW. Eamsay. Estimate of the Bclative [Mar. 9-, 

During these runs the pressure was kept at 190 atmospheres • and 
the delivery of air through the escape valve of the liquefier remained 
fairly uniform. Separate readings, taken at different times, of the- 
amount of air passing the meter gave 0-244, 0-230, 0-258, 0-261, 0-248 
and 0-239 kilos, per minute; these figures testify to fairly uniform' 
working. 

It -was of interest to see whether argon concentrated itself in the 
hquefied portion of the air, or whether most of it escaped as gas. 
1 he boiling points of the principal atmospheric gases are, on the 
aMute scale nitrogen, argon, 86'-90; oxygen, 90“-5: the 

differences are 9°-36 and 3°-6 respectively ; it was therefore to be- 
expected that the argon would concentrate in the liquid. 

An experiment was therefore made in which 12-73 grammes of 
freshly collected liquid air was allowed to boil in a double-walled 
vacuum-tube, and the gases were led directly over metallic copper and 
magnesium lime; the resulting argon measured 166 c.c. at 0° and 
/60 mm. pressure. The weight of this argon was 0-2943 gramme, or 
from 1 gramme of liquid air, 0-02312 gramme. Now 1 gi-amme of 
atmosphenc air contams 0-0129 gramme of argon; hence the process 
of liquefaction nearly doubles the content of argon in the air. It is 

t erefore, very advantageous to prepare argon from air which has 
been liquefied. 

Acting on this suggestion, it appeared h fortiori probable that if the 
percentage of argon in air were doubled by liquefaction, the krypton 
and the xenon would be practicaUy wholly removed and liquefied. 
And by submitting hquefied air to a second liquefaction, by boiling 
It off through the compressor, it appeared to hold that a concentration 
in would result, and that they would be found 

wholly in the hquefied portion. An experiment was therefore begun 
m which a^ut 100 kilos, of gaseous air were passed through the 
hquefier; the hquefied portion, amounting to about 6 kilos., was again 
passed through the hquefier, somewhat added to by gaseous air, drLn 

tlfif ’“fortunate accident, however, nine- 

hs of the air collected dunng the "second liquefaction was lost - 
and the amount of xenon and krypton in the remaining tenth, repre- 
^ntmg about 10 kilos, of gaseous air, did not appear to Justify repetition 
troublesome expenment. I have no doubt, however, that had 

.r*" determination of 

W iff ’fi preparation of krypton and xenon, they would 

mve effected the separation well. 

hquefaction of 6 per cent, of 
191 1 kdos. of gaseous air, was sucked, several litres at a time, into a 

^ capacity, fitted with an india- 

dinwi a wide tube passed, connected with, a 

double-acting Fleuss pump, driven by an electric motor. Through 
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another hole in the cork there i5assed a siphon which could be closed 
by means of a brass stop-cock; this tube served to admit liquid air to- 
the balloon. A manometer was also connected with the interior of the 
flask so as to register the pressure under which the liquid air was 
boiling. The air boiled at a pressure of about 250 mm., corresponding 
to a temperature of about -195°. The boiling was quite quiet, 
without bumping ; it was sometimes necessary to warm the balloon 
gently in order to accelerate the evaporation. The object of distilling 
at a low temperature was to lower the vapour-pressure of the krypton 
and xenon in the liquid air, and so to lessen, or in great part to prevent 
their evaporation. The total liquid air was thus reduced to about 
200 c.c. 

The balloon containing this air was coupled with a large iron tube,, 
holding about 20 kilos, of reduced copper heated to bright redness.. 
The liquid air residue, naturally, consisted largely of oxygen, for the 
more volatile nitrogen had in great part evaporated. After passing 
over the copper the volume of gas was about 50 litres. 

It may be contended that during the evaporation of the air, even 
at - 195°, a large portion of the krypton and xenon may pass away as- 
gas. It is not possible to estimate the amount lost in this manner 
but at - 195°, the vapour pressure of krypton is 2*8 mm., and that of 
xenon 0'02 mm. These figures have been arrived at in the following man- 
ner. Belying on the vapour pressures of mercury by Eamsay and Yoimg, . 
given in the Trans. Ohm', Soc., 1886, p. 50, and on the measurements 
made by Eamsay and Travers* of the vapour pressures of krypton 
and xenon, ratios were found between the absolute temperatures of 
mercury on the one hand, and of krypton and xenon respectively on 
the other, between the pressures 300 and 3000 mm., with two addi- 
tional data — the temperatures of krypton corresponding to pressures, 
of 9 and of 17*4 mm. They are as follows : — 


Pressures, 

Temp, of 
mercury. 
J)egrees 
absolute. 

Temp, of 
hrypton. 
Degrees 
absolute. 

Eat-ios. 

Temp, of 
xenon. 
Degrees 
absolute. 

Eatios. 

mm. 

9-0 

300 

400 

600 

600 

700 

760 

3000 

454 "8 

682 -2 

596 -4 
609*0 
617-9 

626 *5 

631 -2 
726-8 

94^2 

110-4 

113 -8 

116 *1 * 
118 *35 
120-2 
121*3 
142*2 

0*1851 

0*1897 

0 *1909 
0*1907 
0T915 

0 T918 
0*1922 
0^1957 

o 

148 *9 
153*2 

156 *8 
159*7 

162 *0 
163*9 
i 192 *4 

0 *2257 

0 -2569 

0 *2575 
0*2583 

0 *25^6 

0 *2597 
0*2647 


* ‘Phil. Trans.,’ A, vol. VJl, lOOl, p. 72. 




Temp. C. 

Tap. press, of krj 

-205° 

O' 27 mm. 

-200 

0-97 „ 

-195 

2-8 „ 

-190 

7-0 » 

-IBS'S 

9-0 „ 

-182-4 

17-4 
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These ratios were mapped against the absolute temperatures of 
mercury and were found, as uaial, to give straight lines. The lines 
were e^rapolated to lower temperatures, and the vapour pressures 
1 equired were calculated from the extrapolated curves. 

The portion of interest is given in the following table 

. Tap. press, of xenon. 

O' 0005 mm. 

0-007 „ 

0-02 

0-04 „ 

O'll „ 

0-17 „ 

The l^t two data for krypton are the results of direct measure- 

™S)out S ® the melting point of krypton 

IS about - 169 , and that of xenon - 140°; and the boiling noints at 
■atmospheric pressure are, krypton - 15r'7, and xenon - 109^-1 
Ihe nitrogen was removed from the 50 litres of gas by passing it 
over red-hot magnesium-lime mixture. The resultfng cn^e arfon 

measiued 12'5 itres at 16° and 770 mm. ; its weight is calculated from 
Its known density as 21*3 grammes. irom 

This argon was liquefied in a bulb immersed in liquid air boiling 
under reduced pressure, so as to reduce the vapoim ™uS S 
^ton and xenon ; and the major part was re-tLsfeSZoif a 
Topl^ pump to the gas-holder from which it had passed to tbJ 

loOeT Thf. gas-holders, each of a capacity of 

■content amount replaced in gat-holder A The 

contents of B were liquefied, and A was filled, by blowing t^’ liquid 
■argon to eroporate under redueed-nreR.nr. Tt. the liquid 

Bqueiied along rith what rmSrfT aS B ” Hu n 7.” 

-a. thi. enpIaiiiiU’e'lt be’^°dSr“ 



1903.] Amoxmts of Krypton and Xenon in Air. 425^ 


Eesidue of 1500 c.c. : — 

A -2— 7-^12^17- 
B -3^ Rejected 

(1) 0 -4^ 

p If?/ on 

-22.^27-^33 — 
L23^28^83- Eejected 
—24=^39^34— 

|— 37 Rejected. 
—38 Trace Kr. 

— 39 Strong ICr. 

E -6^11^16^21 

yO\J yOO 

— 26^81^36 

wi/TUIig JXJT* 

— 41 Kr. and Xe*. 


Eesidue. Kesidue. Residue. No residue. 


No. 41 was mixed with the residues, which contained much xenon,, 
along with krypton. Nos. 38, 39, and 40 were mixed, and the frac- 
tionation continued in a small apparatus. The gases were now 
sparked with oxygen over soda, so as to remove traces of air; for* 
the operations had now to be conducted with great care, and the* 
spectra of the two samples showed traces of nitrogen. After with- 
drawal of oxygen from both sets of gas, by means of phosphorus, 
the* krypton mixture was fractionated into three portions ; 42,. 
containing much argon; 43, rich in krypton; and 44, a non- 
volatile residue. The xenon residues, 41, were also solidified with 
liquid air, and placed for a few seconds in connection with the vacuum- 
of the Topler pump. The gas which was pumped off was added to- 
43, and the residue to 44. The bulb was now left for a quarter of 
an hour, so that equilibrium naight be restored, and the stop-cock 
opened a second time. A bubble or two was removed with the pump. 
On making communication with the pump a third time, no gas escaped ;* 
and this is not remarkable, for the vapour pressure of xenon is little 
over OT mm. at that temperature. It was therefore assumed that the 
final residue was pure xenon ; and, indeed, its spectrum showed no* 
trace of the krypton lines. And it may also be taken for granted 
that very little xenon was added to No. 43. The densities of Nos. 42 
and 43 were determined; and from the known densities of argon 
and krypton, their relative proportions were calculated. 

The density of 42 was found to be 21-31, corresponding to the per- 
centage composition, argon, 93*5 per cent., krypton, 6 -5 per cent. ; the* 
density of 43 was 39*43, implying a mixture of argon, 6*6 per cent., 
krypton, 93*4 per cent. The volume of No. 42, reduced to 0° and 
760 was 22*0 c.c. ; it therefore contained 1*43 c.c. of krypton; that 
of No. 43 was 6*5 c.c., and it contained 6*1 c.c. of krypton. The 
total volume of krypton was therefore 7*5 c.c., and its weight 
0*0028 gramme; the volume of the xenon, reduced to 0“ and 760* 
was Q*87 c.c., and its calculated weight, 0*0005 gramme. 

These results are reproduced in the following tabular statement : — 

Air passed through liquefier 191*1 kilogrammes. 

Air liquefied 11*3 ,, =5*91 p.c.. 

Argon obtained (11*8 litres at 0° & 760) 21*3 grammes. 

„ per cent, of gaseous air 0*0118 ; of liquid air, 0*1885.. 
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Total krypton obtained 0*0028 gramme. 

„ xenon obtained 0*0005 „ 

Percentage krypton in gaseous air 0*000014 by weight. 

,, xenon „ „ 0*0000026 „ 


Krypton equal to 1 part by weight in about 7 millions of air ; by 
volume, 1 part in 20 millions. 

Xenon equal to 1 part by weight in about 40 millions of air; by 
volume, 1 part in 170 millions. 

As before remarked, it is not maintained that all the krypton and 
.all the xenon have been separated; it is likely, however, that the 
separation of the xenon was more perfect than that of the krypton. 
The results are merely brought forward as the result of a careful 
experiment to quantitatively isolate these gases. 

I have to express my cordial thanks to Mr. E. 0. C. Baly and to 
Mr. Inglis for aid in carrying out part of these operations. 

As a quantity of pure krypton, sufficient for determination of 
density, had been collected, occasion was taken to redetermine the 
density of that gas. *It was submitted to careful fractionation; a 
considerable portion was rejected as possibly containing argon, and the 
dregs were set aside as possibly having contained xenon. The sub- 
stance weighed had a low vapour pressure, — about 15 mm. at the 
temperature of the liquid air used in fractionating. The separation of 
the lighter and heavier portions was repeated four times, the density 
having been determined on each occasion, with only small differences. 
Finally, a very careful determination of density was carried out, with 
the following results : — 

Volume of density-bulb 7*268 c.c. 

Temperature 15“ *57 0. 

Pressure on gas, corrected 754*0 mm. 

Weight 0 * 02488 gramme. 

Hence density, compared with 0~16... 40*81. 

Previous determinations with two samples of gas, one fractionated 
from argon, the other fractionated from xenon, gave 40*82 and 
40*73 respectively as the density. The result given above is in 
perfect concordance with these figures. The chief cause of error is 
in the weight ; I think it would be fair to regard two units in the fifth 
place as the limit of error, which gives a possible divergence of about 
1 part in 1200. 

The atomic weight of krypton would accordingly be 81*62; the 
mean of former determinations is 81*28. This is in accordance with 
its position in the periodic table, which lies between bromine, 80, and 
rubidium, 85. 



1903.] Some Physical Prop&t^iies of Nickel CarbojiyL 427 


■‘'Some Physical Properties of Nickel Carbonyl.” By James 
Dewar, M.A., Sc.D., LL.D., P.E.S., Jacksonian Professor, in 
the University of Cambridge, and Humphrey Owen Jones, 
M.A., Pellow of Clare College, Jacksonian Demonstrator in 
the University of Cambridge. Received March 3, — Read 
March 26, 1903. ' 

The properties of nickel carbonyl have until recently been the 
subject of but few investigations. Dr. Mond and his collaborators 
in the discovery of this remarkable substance determined some of its 
physical properties, including its boiling point, specific gravity, and 
vapour density. Subsequently Dr. Mond, in association with Pro- 
fessor Nasini, made observations on its molecular refraction and 
thermal expansion. 

A substance of the peculiar molecular structure of nickel carbonyl 
seemed to call for further study. The investigation described in the 
present paper was carried out in the winter of . 1901 ; the authors' in- 
tention being to make a complete study of the stability of the com- 
pound both in the gaseous and liquid conditions.* While the work was 
in. progress a paper by Mittasch was published* containing an account 
of an admirable and exhaustive investigation of the velocity of the 
reaction between nickel and carbon monoxide, including the heat of 
formation and vapour tensions of the compound, covering part of the 
ground which we had examined, A number of interesting problems 
examined in the course of our inquiry however remain, which have 
not been* touched upon by previous investigators, and to some of these 
the present paper is devoted. 

The vapour density of nickel carbonyl was determined by Mond, 
Danger and Quinckef in air, at 50° C. by Victor Meyer's method. 
The value obtained was 86*7, while theory requires 85. The vapour 
density at this temperature is quite normal, and there is no evidence 
of association even at this temperature only some 7“ 0. higher than 
the boiling point of the compound. It was found that the vapour 
exploded at 60° C. with a flash of light, and carbon dioxide was 
detected among the products of decomposition. BerthelotJ explained 
the explosion as being due to the production of carbon dioxide by the 
intermolecular reaction : — 

200 = 002 + 0, which was observed to take place when carbon 
monoxide acts on nickel at 350° — 450° 0, Later§ it was found 
that the action only proceeded in this way to a small extent, when 

* ‘ Zeil. Phys. Ohem,,’ 1902, toI. 40, p. 1. 

t ‘ J our. Cliem. Soc.,’ 1890, vol. 57, p. 749. 

J ‘ Compt. Rend.,’ toI. 112, p. 1343. 

§ ‘ Ann. Chim. Pbvs.,’ 1901 [7], vol. 22, p. 304. 
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nickel carbonyl vapour was decomposed. The reaction 2 CO = CO 2 + C 
liberates 38*8 kilogramme calories, so that if the heat of formation, 
of nickel carbonyl is less than 77*6 kilogramme calories per molecule, 
this explanation would be valid. This condition is satisfied since* 
Mittasch* has shown that the heat of formation of nickel carbonyl 
is between 50*6 and 55*6 cals. Hence the detonation observed 
by Mond might result from the reaction : 

Ki(CO)4 = Ni + 2C02 + 2C. 

The fact that nickel carbonyl was thus reported to be explosive,, 
together with the explanation of its explosibility offered by Bertheloty 
strengthened the belief in its great instability and deterred experi- 
menters from working with it, in any case at temperatures above itsj 
boiling point. 

The authors observed that when nickel carbonyl was suddenly 
heated in an atmosphere of some inert gas, such as hydrogen or 
nitrogen, the vapour decomposed quietly with deposition of metallic 
nickel ; there was no explosion or flash of light, and the quantity of 
carbon dioxide produced was so small, in most cases, as to be almost 
negligible. This was found to be the case even when the temperature 
used was as high as 130° C. Mittasch* states that he could 
detect no carbon dioxide when the compound decomposed below 
100“ C. 

The explosion observed by Mond, Langer, and Quincke must 
therefore have been due to the presence of oxygen, and does not 
occur in its absence. The amount of carbon dioxide produced by the* 
quiet decomposition is very small, so that the Berthelot reaction,, 
though possible, only takes place to a very slight extent. 

It was therefore clear that vapour-density determinations of the 
compound could be made in atmospheres of inert gases at temperatures- 
much higher than 50° C. As vapour-density determinations of such a 
unique compound as nickel carbonyl under varying conditions would 
have a special interest and might well be expected to repay careful 
study, a large number of vapour-density determinations were made 
by Victor Meyer's method at temperatures between 63“ C. and the 
b^ng point of naphthalene (216° C.), in order to ascertain the effect 
of increasing temperature on the dissociation of the compound. The 
vapour-density apparatus was filled in different experiments with 
various dry inert gases, viz., hydrogen, nitrogen and ethylene, all care- 
fully purified and especially freed from oxygen. 

In order to trace the effect of the rapidity of gaseous admixture 
on the dissociation various forms of the vapour-density reservoir were 
employed. An atmosphere of carbon monoxide was employed to 


^ Zoc, cii. 
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investigate the effect of the gaseous product of dissociation on the 
stability of the carbonyl. 

It was found that the rate of admixture of the vapour with the 
gases had a marked effect on the dissociation, as shown by the differ- 
ence in the vapour densities, when taken under similar conditions, 
in the various inert gases ; and, further, that the presence of carbon 
monoxide produced the expected diminution in the amount of the 
-compound decomposed. In order to further confirm this, two reser- 
voir tubes of different bore were used, one having a cross-sectional 
are£t about three times that of the other (the latter will be referred 
to as the narrow tube). In the latter, admixture could take place 
much less readily than in the former ; consequently the surrounding 
gas would be expected to have a smaller effect on the extent of the 
-dissociation. This was also confirmed by the experimental results ; 
the vapour density in the narrow tube is almost independent of the 
gas employed. 

The effect of the nature of the surface on the extent of dissociation 
was tested by using the tubes coated internally with a film of metallic 
nickel deposited from the vapour of nickel carbonyl by heating. The 
film of nickel seemed to bring about a state of equilibrium more 
rapidly, so that the vapoqr densities determined in these tubes were 
lower than those in the same tubes not covered by nickel (a similar 
•effect was observed by Mittasch). 

It was found that the rate at which the liquid evaporated, as would 
be expected in the case of a substance which readily dissociates, had 
some effect on the extent of the dissociation. Hence, it was necessary, 
in order to get comparable results, to arrange that approximately the 
,same time was taken for, vaporisation in all the experiments made 
^t the same temperature. A definite end-point could be observed in 
each case at which the gas displaced by the vapour ceased to come 
off, and a much slower evolution of gas took place. The experiment 
was stopped when the more rapid evolution of gas gave place to the 
.slower. 

The results obtained are appended in the following table (Table I), 

In the fourth column the percentages of nickel-carbonyl molecules 

dissociated are given, calculated from the formula P = x 100, 

where 85 is the theoretical vapour density of nickel carbonyl and 
D is the observed value. 

Unless otherwise stated, it is to be understood that the deter- 
mination was made in a Victor Meyer’s apparatus of the usual type, 
occasionally referred to as the wide tube. 

From the figures in the above table, it is seen that the value of 
the vapour density, deduced from the experiments in the wide tube, 
is greater in ethylene than in nitrogen and hydrogen. It was also 
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Table I. — Vapour Densities determined by Meyer’s Method. 


Temperature 
of tie bulb. 

G-as 

filling the 
bulb. 

Vapour 

density 

found 

(H = 1). 

Percent- 
age of 
Ni(CO)4 
dis- 
sociated. 

Bemarks. 

63 

Nitrogen . 

83-3 

0*7 

Very slight deposit of nickel. 



78*2 

2*7 

Slight deposit of nickel. 

64 

Hydrogen 

79 *2 



66 

Carbon 

83-9 

0*15 

Nickel covered tube. 


monoxide 

85 -2 



81 

Nitrogen . 

n-o 

6*2 

Slight deposit of nickel. 

(Benzene) 


72 *1 



100 

Hydrogen 

67-3 

8*8 

Nickel deposited over several 



67 *0 


inches in the tube. 



56 -9 

16-7 

Wide tube covered with nickel. 



56-7 





79-0 

2*4 

Narrow tube. Nickel deposit 



79 *8 


extended about 32 cm. 

33 

Nitrogen . 

70-8 

6*7 




70-9 

* , 

Wide tube. 



75 *6 

4*1 

Narrow tube. 

33 

Ethylene . 

70 *6 

6*8 

Wide tube. Nickel deposited 



70-7 


over 2 cm. from bottom of tube. 



78-7 

4*3 

Wide tube. Moist nickel car- 



76-7 


bonyl. Nickel deposited irreg- 





ularly over about 3 cm. 



77*8 

2*7 

Narrow tube. Nickel deposit 



79 ‘5 


extended 22 cm. 

33 

Carbon 

85*0 

0*39 

Wide tube. No visible deposit 


monoxide 

83 T 


of nickel. 



82*6 

0*6 

Wide tube, covered with nickel ■ 



84*5 


carbonyl, dried over phos- 





phorus pentoxide. 



76*4 

3*87 

Narrow tube. Slight deposit of 



76*0 


nickel. 

110 

Nitrogen . 

48-4 ' 

25*4 

Distinct deposit of nickel. 

(Toluene) 


48*1 



33 

Carbon 

75*2 

4*4 

Deposit of nickel scarcely visible. 


monoxide 

74*8 



129 

Nitrogen . 

25 *1 

76*5 

Extensive deposition of nickel 

(Amyl alcohol) 


26*4 


over tube. 


Carbon 

31 *7 

54*5 

33 33 


monoxide 

32 ‘7 



135 

Carbon 

26 *9 

72*0 

33 33 

(Acetic 

monoxide 




anhydride) 





155 

Nitrogen . 

22*5 

94*3 

33 33 

(Turpentine) 


22*5 




Carbon 

23 *2 

, * 

33 33 


monoxide 

1 23 *16 

88 *8 


182 

Nitrogen . 

23*3 

89*0 

33 33 

(Aniline) 


23 *0 




Carbon 

24*4 

82*8 

33 33 


monoxide 

23*3 

88*2 


216 

Nitrogen . 

22*4 

93 *0 

33 33 

(Naphthalene) 


22 *44 




Carbon 

(20*9) 




j monoxidej 21 *3 

99*7 
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noticed that the deposit of nickel in the latter two gases extended 
higher up the tube than in the former, and was higher in hydrogen 
than in nitrogen. In carbon monoxide, on the other hand, the vapour 
density is higher than in the gases hydrogen, nitrogen, or ethylene, 
the values at 100® G. being nearly normal, and the dissociation was 
incomplete even in aniline vapour. This demonstrates very clearly 
the effect of the presence of one of the dissociation products on the 
amount of the dissociation. 

In the narrow tube, however, the values obtained at 100® C. do not 
seem to depend, to any great extent, on the nature of the surrounding 
gas, the values in carbon monoxide and in the inert gases being almost 
identical, which shows the great effect of rate of admixture and 
diffusion on the dissociation. 

The amount of dissociation increases rapidly with the temperature ; 
in nitrogen at 155° 0. it is practically complete. The rate of increase 
in carbon monoxide is distinctly slower, the difference between the 
vapour densities in nitrogen and carbon monoxide at 129° G. being 
quite marked. Above 155° G. the results obtained are somewhat 
irregular; but dissociation seems to be nearly complete at atmospheric 
pressure, since only a small deposit of nickel could be obtained when 
the tube was placed horizontally and a clear part heated with the 
blowpipe. 

A few vapour-density determinations were also made by Hoffmann’s 
method at temperatures between 17° G. and the boiling point of aniline 
(182° G.) in order to observe the dissociation of the undiluted vapour. 
Gomplete dissociation is practically reached at 182° G., but even then 
the application of a pointed flame to a clear portion of the tube 
produced a slight deposit of nickel, so that traces of nickel carbonyl 
were still present. 

The results are given in the appended table (Table II). 

The results of the experiments in the narrow tube are given in the 
fifth column for the sake of comparison, the phenomena in this case 
being practically the dissociation of the vapour in contact with its own 
dissociation products. The dissociation is clearly greater under 
reduced pressure, as might be anticipated. 

The general results of the vapour-density determinations are readily 
seen from the curves in fig. 1 (p, 433). 

Having thus found that the vapour of nickel carbonyl was much 
more staHe at elevated temperatures than had hitherto been suspected, 
we resolved to examine the stability of the liquid under pressure, and 
if possible make observations on it as far as its critical point. 

Small sealed tubes, from one-half to one-third full of nickel carbonyl,, 
were heated to 200° G. without bursting. A small quantity of nickel 
was deposited on the first heating, and it was found that its quantity 
was not appreciably increased on repeating the operation. On 

2 I 2 
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standing a sufficient length of time at the ordinary temperature the 
nickel gradually dissolved again, although it was covered by the excess 
of liquid. This proved in an interesting manner the ease with which 
the reaction between the deposited nickel and carbon monoxide is 
reversible. 

The amount of the nickel deposition was notably greater when the 
liquid was heated in contact with mercury, so that the use of the 
Cailletet pump for the examination of the critical phenomena was not 
practicable. 

Eough measurements of the critical temperature were made by 
observing the temperature at which the meniscus disappeared and 

Table IL — Vapour Densities of Nickel Carbonyl by Hofmann’s 

Method. 






Percentage dissociated at 



Pressure 

Percentage 

atmospheric pressure. 

Temperature 
of bath. 

Yaponr 

in mm. 

of nickel 



density. 

of 

carbonyl 




mercury. 

dissociated. 

In nitrogen. 

In carbon 
monoxide. 

17 

85*6 

67-7 

0*0 



35 

(Ether) 

78 

81*8 

161-4 

0*13 



62*6 

217 -8. 

11*9 

4 -1 at 100° 0. 

3 -sr at 100° 

(Alcohol) 




in narro-w tube 

in narrow tube 

129 

25-2 

389*4 

79*1 

r 76*5 
\ wide tube 

64*5 

wide tube 

(Amyl alcohol) 
182 

23*8 

21 *6 

865*6 

349*0 

85*7 

98*4 

(Aniline) 

20-8 

320*6 

.« 

Practically complete in 

21 *7 

356 *0 

95 *7 

wide tube. 


reappeared, when a quantity of the liquid was alternately heated and 
cooled in an exhausted and sealed off piece of glass tube of 2 — 3 mm. 
bore. The tube was heated side by side with a thermometer in a 
glycerine bath, and was so arranged that it could be inverted at will. 
The temperatures at which the meniscus disappeared and reappeared 
in the course of many repeated observations with different samples 
of material, ranged between 191“ 0. and 195“ 0. 

It appears from the observations made with such tubes that the most 
reliable results were obtained the first time they were heated, the 
meniscus being better defined and disappearing more sharply than on 
subsequent occasions. The blurred effect noticed on a repetition- of 
the experiment is due to a somewhat greater amount of carbon mon- 
oxide being present. 
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433 



The presence of carbon monoxide would be expected to cause a 
lowering of the temperature at which the meniscus disappeared, and 
this expectation was realised in the course of the experiments. Hence 
the temperature observed in the first experiment is probably below the 
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true critical temperature. The presence of 4—5 per cent, of carbon 
monoxide with its low critical temperature 128“ abs. would be expected 
to lower the temperature at which the meniscus disappears bv 
about 5“ C. _ That this quantity of carbon monoxide might be present 
at any time is shown by the following experiment : 

Volume of tube, 1 • 35 c.c. 

nickel carbonyl left after heating to 193“ C. = 0 • 437 c.c. 
Amoiiiit of nicljGl deposited = 0*0147 gramiiie. 

„ carbon monoxide liberated = 0-0284 gramme = 5-02 
per cent, of the residual nickel carbonyl. 

Hence it is very probable that the true critical temperature is about 

Comparative experiments made with pure ethyl ether in aimUoy 
tubes, gave a critical temperature of 193“ 0. The accepted value for 
the critical temperature for ether being 194“-5 0., the observed tem- 
perature for nickel carbonyl cannot be far removed from the correct 

vsiiiie. 

« boiling point 

and 1, the a,bsolute cntical temperature, should be applicable to the 
case of nickel carbonyl since it is applicable to ether, a liquid which 
has a cntical temperature of approximately the same value. Taking 
the boding point to be 43“-3 C., the critical temperature calculated 
from the above relation would be 20r-4 0., which agrees very well 
wi h the value which was found as a probable minimum critical tern- 

pcrsiuUT©, 

Although it had not been surmised that nickel carbonyl could ever 

f- r® '^®^®’^bbeless Mond and Nasini* calculated 

he hypothetical critical temperature of nickel carbonyl from the 
es ts of their e^eriments on its coefficient of expansion by means of 
T ™ given by Thorpe and Rucker and found the value 151“ 0 
In a simdar manner Ramsay and Shieldsf calculated the critical 

energy. The value deduced in this way is 182“-8 0. It therefore 
app^rs that the hypothetical critical temperature calculated by either 
of these methods falls considerably below its actual value. 

ough indications of the critical pressure were obtained by intro- 
duemg into the sealed tube containing the nickel carbonyl a small 
e of very fine bore, closed at one end and having a amali globule of 

asamanLetrSetost 

tion of the globule was observed at the ordinary temperature and 
ym at the critical point. The volume of the air 2 sZl’Ze 
occupied about one-thirtieth of its original volume at the late 

* ‘ Zeit. Phys. Chem.,’ 1891, vol. 8, p. 150. 
t ‘Jour. Chem. Soc.,’ 1893, vol. 63, p. 1108. 
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temperature, so that the pressure in the tube seems to be rather more 
than 40 atmospheres at the critical point. On cooling, the indicating 
globule remained permanently displaced some distance up the tube, 
showing the existence of a pressure developed by the decomposition of 
the nickel carbonyl. On standing for some time the whole of the 
nickel disappears, and the carbonic oxide pressure disappears. 

The pressure on cooling seemed to be about ten atmospheres, hence 
the critical pressure would be about thirty atmospheres. Later it will 
be shown that this is near the actual value. 

The critical constants of the compound being known, together with 
the boiling point, it is possible to calculate a vapour-pressure curve. 
It was, however, thought better to determine the vapour pressure at 
a number of temperatures below the boiling point of the liquid, by 
the static method, and from this curve by extrapolations to deduce 
the values for higher temperatures. 

A wide barometer tube (about 0*7 cm. diameter) was carefully cleaned, 
dried, and drawn off to a fine capillary tube at one end. The tube 
was then placed upright in a vessel of pure dry mercury and exhausted 
thoroughly with a Pleuss pump. A small tube full of nickel carbonyl 
was now introduced at the bottom of the tube and the whole then 
exhausted again, while surrounded by a freezing mixture, in order to 
get rid of all adhering air, and finally sealed off rapidly at the fine 
capillary. By this method of procedure only a very small amount of 
decomposition took place during the sealing off, as indicated by the 
very slight deposit of nickel. The pressure was then read off by 
means of a kathetometer, while the tube was surrounded by a bath 
kept at various constant temperatures. 

The results are appended below, together with those obtained by 
Mittasch* by the dynamic method. 


Dewar and Jones. Mittascli. 


~ 9°C. 

94*3 mm. 

2° *05 C. 

133-1 mm. 

- 7 

104*3 

7 *5 

170-5 

- 2 

129*1 

15 *27 

238-2 

0 

144*5 

20 *2 

294-3 

+ 10 

215*0 

24 *26 

349-7 

+ 16 

283*5 

29 *52 

444-2 

+ 20 

329*5 

34 *29 

532-6 

+ 30 

461*9 

39 *97 

647-2 


The values for - 9° G. and + 30° C. give the following Eankine 
formula for the relation between the pressure j? in millimetres of 
mercuiy and the absolute temperature T. Log £ = 7*355 - 1415/T. 
At 200° 0. (about the critical temperature) the pressure calculated 
from this equation is 30*4 atmospheres. Taking the results obtained 

^ Loc, eiU 
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by Mond and Nasini, viz., the boiling point 43** C. 751 mm. and 
the pressure at 20“ C. 338*7 mm., a similar expression, log = 7*281 
- 1392/T, is obtained. 

Taking Mittasch’s pressures for 2“ 0. and 40“ 0. the EauMne' 
■obtained is : — 

logj; = 7-781-1555-7/T. 

The boiling points calculated from these formulse are given below : — 


Mond 43“*3C. 

Mittasch 44° *4 

Dewar and J ones 43° * 2 


In order to further confirm our vapour-pressure determinations, we^ 
made a determination of the boiling point of some carefully dried and 
redistilled nickel carbonyl. With the barometer at 769 mm. the* 
liquid boiled at 43°*2 - 43°*33 C. 

It would therefore appear that our vapour tension curve is the 
more accurate. The following curves, fig. 2, illustrate very clearly 
the extent of the deviations at different temperatures. 
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The latent heat of vaporisation of Ni(CO) 4 , is 38T calories per 
gramme, and the Trouton constant (molecular latent heat divided by 
the absolute boiling point) is 20*6, its value for ether being 22. The 
number obtained by dividing the absolute critical temperature by the 
critical pressure, which is proportional to the volume of the molecule,, 
Yan der Waal’s constant is 15*5; the similar number for carbon 
monoxide is 3*7, so that nickel carbonyl according to theory has a 
molecule 4*2 times larger than carbon monoxide. The molecular 
volume of nickel carbonyl at its boiling point is 136, as compared 
with 110 for ether. The critical density appears to be about 0*46,. 
while that of ether is only 0*25. If the liquid densities of Mond and 
K’asini* are taken with the critical data, then the ^Yaterston formula 
r = 2*0398 - 0*5667 log (198*7 - fits in very well with the results.. 
A similar formula for ether given by Avenarius is : — 

= 3* 19 -0*802 log (191 -if). 

The molecular volume of nickel carbonyl at its boiling point is 136^. 
subtracting from this 7*2 for the nickel atom, we have 32*2 as the 
volume of each molecule of carbon monoxide in the molecule. Now 
liquid carbon monoxide at its boiling point has the molecular volume 
of 35, so that contraction would take place if liquid carbon monoxide 
could combine with nickel. The heat of formation of nickel carbonyl 
is about four times greater than that of the liquefaction of the equi- 
valent amount of carbonic oxide under normal conditions. 

The experiments described above show clearly that nickel carbonyl 
is a substance admirably suited for the demonstration of the- 
phenomena of dissociation. Great care must, however, be taken in 
handling the substance, owing to its poisonous properties when inhaled. 
It also forms an excellent illustration of a reversible reaction, and the 
following experiments serve to illustrate the way in which it may be 
used for this purpose. 

A number of carefully dried tubes were exhausted by means of a 
Heuss pump, and were then filled with a mixture of 10 per cent, 
nickel carbonyl vapour and 90 per cent, carbon monoxide, at pressures 
of 50, 100, 226, 304, 396, 504, and 624 mm. of mercury respectively. 
These tubes were then heated in a bath until nickel began to deposit ; 
the tube under observation was then kept at that or a slightly higher 
temperature for about haK-an-hour, and afterwards tested for the- 
presence of nickel carbonyl by heating a clean portion of the tube with 
a fine pointed flame, and in this way the presence of even a very small 
trace of nickel carbonyl was immediately detected by the formation of 
a bright mirror of nickel on the hot part of the tube. The tube at 
50 mm. pressure did not deposit nickel when placed in alcohol vapour. 


^ Loc, cif. 
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but did so at 100“ C., and, after heating for a few hours at this tem- 
perature, no nickel carbonyl could be detected in the tube. After 
standing for a few days, however, nickel was deposited when a clean 
portion of the tube was heated with a pointed flame, thus showing 
that nickel carbonyl had been regenerated. In the 100 mm. tube 
nickel was still deposited after heating for two days at 100“ C. ; all 
the nickel carbonyl was found to have disappeared after the tube had 
been heated for some time to 130° C. Nickel was deposited in the 
tube at 226 mm. pressure at 130° C., in the 301 mm. tube at 158° 0., 
and in the other tubes at slightly higher temperatures. In the two 
tubes at the highest pressures there was a considerable quantity of 
the carbonyl present after heating for an hour at 160° 0. All the 
tubes in which the nickel carbonyl had been so far destroyed that no 
visible deposit of nickel could be obtained on heating a clean portion 
of the tube with a small flame, after standing for a few days 
contained enough of the carbonyl to be readily detected by the 
^bove test. 

Another form of experiment suitable for demonstration proved 
the reaction proceeded rapidly at the ordinary temperature, and 
with a measurable velocity at low temperatures, even when the 
pressure of the carbonic oxide atmosphere was below 200 mm. A 
large bulb of about 200 c.c. capacity was connected to a mercury 
manometer of small bore (so that the movements of the mercury in 
the manometer were proportional to the changes of gas concentration 
in the bulb). The bulb was highly exhausted and then filled with pure 
nickel carbonyl vapour to a pressure of 51 mm. of mercury at 15° 0. 
After heating for about an hour to 100° G. the pressure, measured after 
cooling, had risen to 143 mm., corresponding to a decomposition of 
about 60 per cent, of the nickel carbonyl present. Heated in a 
glycerine bath to 154° C. the pressure reached 198 mm., corresponding 
to practically complete decomposition, which ought to develope a total 
pressure of 204 mm. 

On rapidly cooling the bulb and allowing it to stand at the ordinary 
temperature the pressure fell, at first, about 3*2 mm. in an hour, then after 
two days it had fallen to 120 mm., or about 55 per cent, had recom- 
bined, after four more days the pressure was 97 mm., or about 60 
cent, had recombined, after standing four weeks some of the deposited 
mckel remained unattacked. 

The bulb was again heated to 150° C., so as to deposit all the 
nickel on the lower part of the tube, and the pressure now rose again to 
200 mm. The lower part of the bulb where the nickel had deposited, 
was now immersed in liquid air, when it was observed that still a 
small but distinct diminution in pressure took place after some hours. 
Liquid carbonic oxide did not, however, appear to react with nickel 
reduced from the oxide by hydrogen. 
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The volatile iron, carbonyl has been made the subject of a number of 
•similar observations, dealing with its physical properties and chemical 
.stability, which will be discussed in another communication. 


''An Enquiry into the Variation of Angles observed in Crystals, 
especially of Potassium-Alum and Anmionium-Aluin.” By 
Professor H. A Miees, M.A., D.Sc., E.E.S. Eeceived 
March 10, — Eead March 26, 1903. 

(Abstract.) 

Corresponding angles measured on different crystals of the same 
•substance usually differ slightly. On cubic crystals the theoretical 
angles are known. Pfaff professed to have established that only 
those cubic crystals which display birefringence exhibit divergence 
from the theoretical angles, but Brauns showed that in lead nitrate, 
.ammonia-alum, and spinel, for both isotropic and birefringent crystals 
•alike, the octahedron angle may differ by as much as 20' from that of 
the regular octahedron. 

The author has endeavoured to trace the changes of angle upon one 
•and the same crystal during its growth by measuring it at intervals ^ 
without moving it from the solution in which it is growing. This is 
-accomplished by means of a new telescope-goniometer in which the 
crystal is observed through one side of a rectangular glass trough, 
•and the changes in the inclination of each face are followed by watch- 
ing the displacements of the image of a collimator slit viewed by 
reflection in it. The crystal is held by a platinum clip which it 
envelopes as it grows. Small movements of the image are followed 
by means of a special micrometer-eyepiece which accurately measures 
the magnitude and direction of the displacement. 

Examined in this way an octahedron of alum (ammonium or 
potassium) is found to yield not one but three images from each face ; 
•and closer inspection shows that the crystal is not really an octahe- 
‘dron, but has the form of a very fiat triakis octahedron. It often 
happens that of the three faces which nearly coincide, one is large 
.and the remaining two very small, so that of the three images one is 
bright and the others are very faint, and can only be discerned with 
'difficulty ; in such a case the crystal as measured in the ordinary way 
would appear to be an octahedron whose angle differs from the theo- 
retical value by a few minutes. 

When a growing crystal of alum is watched for several hours or 
days, it is found that the three images yielded by an apparent 
octahedron face continually change their position ; one set fades away 
.and is replaced by another set, wffiich are generally more widely 
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separated than those which they succeed. The images move in three* 
directions inclined at 120” to each other, and indicate that these faces, 
•always belong to triahis octahedra. The point in which the lines of 
movement intersect within the field of view of the telescope would, 
therefore, be the position of the image reflected from the true octahe- 
dron face. Measured in this way the octahedron angle of alum is. 
found to be the theoretical angle 70° 31f'. 

The image>s do not move continuously, but per saltum, indicating* 
that the reflecting planes are vicinal faces which probably possess 
rational indices, and must, therefore, be inclined at certain definite 
angles to the octahedron face ; but the indices are very high numbers. 

Observations upon sodium chlorate, zinc sulphate, magnesium 
sulphate, and other substances, show that other crystals exhibit the 
same behaviour. The faces of a crystal are in general not faces with 
simple indices, but vicinal planes slightly inclined to them, and they 
change their inclinations during the growth of the crystal j they also 
change their inclinations when the crystal is immersed to a greater or 
less depth in the solution. 

Every point within a crystal has at some time been a point on the 
surface, and has been subject to the conditions of equilibrium between 
crystal and solution which prevail there. It is believed by the author 
that a study of the vicinal planes and of the liquid in contact with 
them, may lead to some understanding of these conditions. 

In order to ascertain the composition of the liquid, attempts were 
made to determine its refractive index by means of total reflection 
within the crystal. This appears, indeed, to be the only method 
which can give direct information concerning the ultimate layer in 
contact with the growing face, and it is somewhat remarkable that it 
has not been applied before. Considerable difficulty was experienced 
in making this measurement, but ultimately good readings were 
obtained, which gave the value 1*34428 as the refractive index in 
sodium light, at 19” C., of the liquid in contact with a growing crystal 
of alum. The refractive indices of a series of solutions of known 
strength, ranging from dilute to supersaturated, having been previously 
measured, the above index was found to correspond to a liquid con- 
taining about 10*80 grammes of alum in 100 grammes of solution. A 
saturated solution at 19” C. was found to have the refractive index 
1*34250, and to contain about 9*01 grammes of alum in 100 grammes 
of solution. 

Sodium chlorate was examined in the same way ; it was found that 
the liquid in contact with a growing crystal has at 19” C. the index 
1*38734, and contains about 47*8 grammes of salt in 100 grammes of 
solution I a saturated solution of sodium chlorate at 19° C. has the 
index 1*38649, and contains about 47*2 grammes of salt in 100 grammes 
of solution. 
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The liquid in contact with a growing crystal of sodium nitrate has 
at 19° 0. the index 1*38991, and contains about 48*45 grammes of salt 
in 100 grammes of solution ; a saturated solution at 19° 0. has the 
index 1*38905, and contains about 48*1 grammes of salt in 100 grammes 
of solution. 

In each case the liquid in contact with the growing crystal is 
slightly supersaturated. It was not found to exhibit double refrac- 
tion even in the case of sodium nitrate. No experiments seem to 
have previously been made upon the nature of this liquid. 

G. Wulff has suggested that vicinal faces are due to concentration 
streams in the solution. In order to test this view, crystals of alum 
were measured after growing for several hours in solution kept con- 
tinually agitated in order to eliminate the action of the concentration 
streams. Almost no effect was produced upon the angles of the vicinal 
faces. 

In sodium chlorate and sodium nitrate the solute is about 45 times 
more dense in the crystal than in the adjacent liquid. Now planes 
with high indices in a space-lattice contain fewer points in unit area 
than planes with simple indices. The author suggests that vicinal 
faces grow upon a crystal in preference to simple forms because the 
crystallising material descends upon the growing face in a shower 
which is not very dense. 


On the Dependence of the Eefractive Index of Gases on Tem- 
perature.” By George W. Walker, M.A., Fellow of Trinity 
College, Cambridge. Communicated by Professor J. J. 
Thomson, F.RS. Received February 26, — Read March 26, 
1903. 

(Abstract.) 

The investigations of Professor Mascart on this subject are perhaps 
the most extensive of any up to the present time. He examined 
the effect in several gases, and found that in general the temperar 
ture coefiicient exceeded the theoretical coeflScieiit given by Gladstone 
and Daleys law. The range of temperature was, however, compara- 
tively small, and his results for air do not agree with those of 
Lorenz, von Lange, and Benoit. In fact these four observers dis- 
agree. Lorenz and Benoit found a coefficient agreeing with the above 
law, while von Lange obtained a coefficient less than the theoretical 
value. 

A repetition of the measurements therefore seemed desirable. The 
gases examined were air, hydrogen, carbon dioxide, ammonia, and 
sulphur dioxide. The range of temperature was from 10° 0. to 
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lOO"* 0. The method used was the well-known one of Jamin, 
but special precautions were taken to obtain accuracy, and to be- 
sure that the gas had not changed in composition during the various- 
changes of pressure and temperature to which the containing tubes- 
were subjected. An accuracy of • about one part in 600 has been 
obtained. 

The results are briefly shown in the following table, and it will be 
observed that the temperature coefficients obtained are substantially 
less than those obtained by Mascart. 


Absolute Value of /a for the D line at 760 mm, and 0“ C. 


Observer. 

Air. 

Hydrogen. 

Carbon 

dioxide. 

Ammonia. 

Sulphur 

dioxide. 

Mascart 

1 -0002927 

1 *000139 

1*000454 

1 *000379 

1 *0007038 

Lorenz 

! 

1 *000139 

— 

1 *000373 

— 

Ketteler 

— 

1 *000143 

1 *000449 

— 

1 *000086 

Dulong 

1 1*000294 

1 *000138 

1 *000449 

1 *000385 

1 000665 

Walker 

1 1*0002928 

1 *0001407 

1*0004510 

1 *0003793 

1 *0006758 


d=3 

[ 1 

±15 

±5 

±5 

±4 


Temperature Coefficients of Eefractive Index. 


Coeffi. of Tol. expansion . 
Mascart 

Air. 

Hydro- 

gen. 

Carbon 

dioxide. 

Ammonia. 

Sxilpliur 

dioxide. 

0*00367 

0 *00382 

0 *00360 
±3 

0*00366 

0 *00378 

0 *00350 
±3 

0 -00371 

0 -00406 

0 -00380 
±3 

0*00382? 

0 *00390 
±3 

0 *00390 

0 *00460 

0 *00416 
±2 

Walker 
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“Ou the Evolution of the Proboscidea.” By C. W. Andkews, 
D.Sc. Communicated by Professor E. Pay Lant^esteu, r.RS. 
Eeceived March 5, — Eead March 26, 1903. 

(Abstract.) 

Until the author’s recent discoveries of primitive Proboseidea in the 
Middle and Upper Eocene formations of the Fayum, Egypt, the oldest 
known members of this mammalian order were Dinotherium cuvwi and 
Teirabelodon angitsiidens, from the base of the Miocene in France. The 
new Egyptian fossils not only reveal for the first time the early 
history of the order, but also provide more satisfactory material for 
the discussion of its evolution than has hitherto been available. 

The most important changes in the Proboseidea occur in the skull, 
mandible, and dentition. 

Owing to the increase in the size of the tusks and to the presence of 
the proboscis, the facial region of the skull becomes shortened, and at 
the same time the premaxillse become wider. The presence of 
the proboscis also accounts for the position of the external nares. 
The demand for a greater surface of attachment for the muscles 
supporting a skull rendered heavy by the tusks and trunk, is met by 
the great development of the diploe in certain of the cranial bones, 
resulting in the enormous expansion of the forwardly sloping occipital 
surface. The maxillae become greatly enlarged concomitantly with 
the increase in the size and degree of hypselodonty of the molars. 
At the same time the zygomatic arch becomes weaker and the jugal 
takes a smaller share in its composition. 

The mandible is at first short and stout, with a massive symphysis. 
Afterwards it becomes more and more elongated as the stature of the 
animals increases ; and this elongation is for the most part effected 
by the lengthening of the symphysial region, though the backward 
rotation of the ascending ramus tends to the same end. The pro- 
longation of the mandible beyond the premaxillse must have been 
covered by a proboscis-like structure composed of the upper lip and 
nose, probably more or less prehensile at its extremity. The length- 
ening of the mandible seems to have reached its maximum degree in 
the Middle Miocene, after which it again became shortened by the 
reduction of the symphysis, while the fleshy and now mobile proboscis 
was left behind as the sole organ of prehension. 

In the upper dentition the chief changes are the loss of incisors 
Nos. 1 and 3, and the great increase in size of incisor No. 2, which 
eventiially forms the great tusk characteristic of the later Proboseidea, 
The canines are soon lost. In the earliest forms, some at least of the 
cheek-teeth (milk-molars) are replaced by premolars in the usual 
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manner, and these teeth remain in wear simultaneously with the true 
molars; but in later forms no vertical succession takes place, and as 
thd milk-molars are worn they are shed, being replaced from behind bv 
the forward movement of the molars. Of these also the anterior mav 
be shed, until at length in old individuals of the later types the last 
molar is alone functional. ^ The gradual increase in the complexity of 
the proboscidean molars is one of their most striking characteristics 
All stages can be traced between the simple, brachyodont, bilophodont 
‘(quadntuberoular) molars of Momitlwiium (Middle Eocene) to the extra 
•ordmanly complex type of tooth found in Elephas. Thus in Palceo- 
‘)mstod(m (Tipper Eocene) the molars are trilophodonf, and the same is 
true of the first and second molars of Tetrahehdon (Miocene), in which 
-however, the last molar is complicated by the addition of further 
transverse crests. In the Stegodonts of the Siwalik Hills (Pliocene'i 
increase in the number and height of the crests takes place'^ 
•and the whole crown of the tooth is more or less covered with a thick 
coat of cement. Still later, the transverse crests become highly com- 
pressed laming united by cement, and these are as many as twenty- 
Pleistocene ElepAas piimigmv^ and the recent 

The evolution of the lower molars corresponds with that of the 
upper molars. Of the lower incisors the middle and outer pairs (Nos. 
land 3) are soon lost, but the second pair remains functional to a 
long geokgical period. When the symphysis becomes shortened 
these mcisors are sometimes retained as vestiges (e.g., in MastodoL 
“7)> genus EKplm they have complet^rdt - 


-A Comparative Study of the Grey and White Matter of the 
Motor Cell Groups and of the Spinal Accessory Nerve, in the 
Spinal Cord of the Porpoise {Plioemna eommimis).” By David 
Hepbui®, M.D., and David Watekstok. M.A., M D Oom- 
m^cated by Sir Wm. Tuekee, E.R.S. Beceived January 23. 
— Bead March 12, 1903. ^ 

(Abstract.) 

^cent advances in our knowledge of the arrangement of the motor 
cells m the anterior cornua of the spinal cord of man have been^de 
almost entirely by the study of the changes produced in these^Us 
by the division or removal of limbs or parts of limbs in fTiA Tin 

.object, andverylittUtai* yet, Wdoo, to elucLte tbi. 

by the comparative method of investigation. 
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On the Spinal Cord of the Porpoise. 

The authors considered it probable that much information might be 
obtained by the careful study of the cell groups in the spinal cord of 
a mammal differing, markedly in its musculature from man, and as no 
previous observations on similar lines had been made in the same 
fulness on the spinal cord of any of the Cetacea, they describe the 
results of an examination of the cell groups in each segment of the 
cord of a member of this class, Phoccena communis. The investigation 
was carried* out by obtaining a very recently captured specimen and 
at once preserving its tissues by injecting into its blood-vessels a 
solution of formalin, a method which has the advantage of preserving 
the natural configuration of the enlargements of the cord. A number 
of sections were prepared for the microscope by different methods 
from each segment of the whole cord, and typical sections were 
selected and photographed. 

The principal features in which the musculature of the porpoise 
differs from that of man are the almost entire absence of a hind limb, 
the reduced musculature of the upper limb, and the possession of a 
large and flexible tail acted upon by powerful muscles, with some 
other differences noted in the text. 

The segments of the cord giving origin to the nerves supplying 
these parts were compared with corresponding segments of the human 
cord. The groups of motor cells were found to be clearly differentiated 
from one another, and striking changes were found to occur in the 
shape of the grey matter and in the cell-groups as we passed from one 
segment of the cord to another, pointing clearly to a connection 
between the character of the part supplied with motor nerves from 
any segment, e.y., limb, trunk muscles, genital muscles, — and the 
arrangement of the anterior horn cejls in that segment. 

The area of the grey matter and of the different columns of white 
matter was also determined at each segment. 

The authors also describe some hitherto unrecorded features in the^ 
minute structure of the cord of this animal, especially the position of 
the nucleus of fche spinal accessory nerve, and a detached mass of 
grey matter, probably corresponding to the vesicular column of Clark, 
in the lumbo-sacral region of the cord. 


2 K 


von. Lxxi. 
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“ Solar Prominence and Spot Circulation, 1872—1901.” By Sir 
Noemait Lockybe, K.C.B., F.E.S., and William J. S. Lockyee, 
Chief Assistant,' Solar Physics Observatory, M A (Caiab.)* 
PkD. (Gott.), r.E.A.S. Eeceived March 17, — Eead March H 
1903. 

[PlATBS 6 AND 7.] 

In our former communications* referring to the connection between 
solar, meteorological, and magnetic changes, some of the results 
obtained by the reduction of the solar prominences, as observed bv 
Professor Tacohini at Eome, were described. It was stated that the 
curve representing the variation of percentage frequency of the 
prominences for the whole limb of the sun indicated that in addition 
to the main epochs of maxima and minima coinciding in time generally 
with those of the maxima and minima of the total spotted area, there 
were also prominent subsidiary maxima and minima. 

Further, dividing the sun’s Hmb into zones of 20' in width from the 
equator, with a polar zone of 10°, and dieussing each zone separately 
the variation of the prominence percentage frequency about the 
eq^tor was found to be very different from that in the higher lati- 
tudes, the former changing with the spots, and the latter exhibiting 
sudden outbursts just previous to the epochs of sunspot 
followed and preceded by comparatively long intervals of quietude ’ 

In the present communication, the prominence observations have 
been (hscussed from a different point of view, in order to trace out if 
possible, the hehographic latitudes of the chief centres of action’ of 
pro^ence disturbance. In this -way it could be determined whether 
such movements are subject to some periodic law, in which case it 
would be possible to increase our knowledge of the circulation of the 
solar atmosphere in regions outside those in which sunspots alone have 
up to the present, been employed. * 

The changes of latitude of the zones which contain the centres of 
sunspot disturbances were first pointed out by Oarringtoii.t whose fine 
senes of observations led him to discover “ a greater contraction of 
the limitmg parallels between which spots were formed for the two 
years previous to the minimum of 1856, and soon after this epoch the 
apparent commencement of two fresh belts of spots in higher Etudes 
north and south, which have in subsequent years shown a tendency to 
codesce, and ultimately to contract as before to extinction.” 

The study of the subject was taken up later by Spoerer.f who 

* ‘Eoy. Soo. Proc„> toI. 70, p. 602 j vol. 71, pp. 184 and 244 
t ‘Beobachtnngen der Sonnenfleoken Ton Oct., 1871— Deo., 1878, und Ton Jan., 
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corroborated Carrington’s results and extended the discussion of the 
obseryations up to the end of the year 1879. 

The result of these two investigations showed that at sunspot 
maximum there was only one zone in each hemisphere in which spots 
were situated, the centre of this being about 18° N and S, while at 
minimum there were two zones existing simultaneously in each hemi- 
sphere ; the older cycle dying out in the zone, the centre pf which was 
situated in low latitudes, and the new one commencing in high latitudes, 
its centre being about latitude ± 30° to ± 35°. 

Later observations extending up the present year have further cor- 
roborated these general deductions, for each hemisphere, and we are 
now quite familiar with this cycle of sunspot latitude variation. 

In the present investigation, the fact has been brought out that the 
prominences also undergo an apparently regular variation of latitude 
throughout a period of about eleven years concurrently with the 
spots. 

Tor the purpose of our inquiry, the object of which has been stated 
above, we have discussed independently of each other, two fine 
series of prominence observations, one made by Tacchini at Eome 
extending from 1872 to 1900, and the other by Eicco and Mascari at 
Catania from 1881 to 1901. 

Both these series were handled in the same way, and both indicated 
similar changes of latitude of prominence action, showing that the 
variations recorded were real and not due to any personality of the 
observer or, difference in the method of observation. 

The data for the discussion of the solar prominences as observed by 
Tacchini have been taken from the same source as before,’^ while those 
of Eicco and Mascari are published in and have been extracted from 
liie same volumes. 

We may here take the opportunity to express our thanks to 
Professor Eicco, with whom we have been in communication, and who 
has’ very kindly forwarded for our use some unpublished data con- 
cerning his prominence observations and reductions. 

The method of reduction adopted was to determine for each year 
the percentage frequency of prominence activity for every 10 degrees 
of solar latitude nortih and south, A series of curves was next 
drawn, one for each year, the abscissae representing the latitudes of 
prominences north and south, and the ordinates their percentage 
frequency. It was then found that the centres of prominence 
activity, or, in other words, the maxima of 'the curves, were sometimes 
single, sometimes 'double, and in one or two cases even triple in each 
^hemisphere. This suggested that just as sometimes there are two 

1874 — ^Dee., 1879.’, ‘ Publicationen des Astropbysibalischen Observatoriums zu 
Potsdam,’ Band I and II. 

* ‘ Society Spettroscopisti Italiani,’ toI. 1, 1872, to yoI. 29, 1900. 

2X2 
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zones of spots existing at one time, so there might be one, two, or 
occasionally three zones of prominences in existence in each hemisphere 
simultaneously. 


o 



years, the direction of motion of 
wards or away from the equator. 


Further, a close examination 
of the whole set of curves with 
reference to these points of 
maxima made it possible not 
only to study the changes of 
latitude of these points from 
year to year and their positions 
when commencing to develop or 
about to disappear, but the in- 
tensity of these centres in rela- 
tion to each other. 

The accompanying illustration 
(fig. 1) shows the curves drawn 
for the years 1879, 1880, and 
1881, from the observations of 
Tacchini, and serves as an ex- 
ample of the curves that have 
been discussed ; they exhibit the 
change from a single to a double 
centre of activity in each hemi- 
sphere. 

Thus in 1879, there was a 
prominence maximum in each 
hemisphere at latitudes ± 50“, 
In the next year (1880), both the 
■maxima had retreated further 
away from the equator, namely 
to latitudes ± GO'',* while another 
centre of disturbance began to 
make itself apparent at latitudes 
± 30°. In the year 1881, both 
centres in each hemisphere were 
strongly marked and became of 
about the same intensity, their 
mean latitudes in each hemi- 
sphere being about ±30° and 
± 60°. These curves thus indi- 
cate that during these three 
these centres of activity tends pole-. 


By examining both series of observations made by Tacchini and 
Eicco and Mascari, and analysing the positions of the principal and 
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subsidiary maxima for tbe whole period covered by the observations, 
the results illustrated graphically in Plates 6 and 7 were obtained. 

In these figures the facts are brought together for each hemisphere 
separately. The medials of the lines (curves A and B) show the 
heliographic latitudes of the centres of prominence action ; the thick- 
ness of these lines represents the relative percentage frequency of 
prominence action. 

For the sake of comparison, three other curves for each hemisphere 
are given. The first (curve G) shows the mean heliographic latitude 
of spotted area for each hemisphere. For the construction of these, 
the values, since 1873, have been extracted from the Greenwich 
Reductions,* but previous to that date the values have been obtained 
from Mr. Marth’s reductions,! and those completed at the Solar 
Physics Observatory from measures supplied by Professor Backlund, 
of the Wilna Observatory. 

The next curve (curve D) illustrates the variations of the per- 
centage frequency of prominence action for each hemisphere taken, as 
a whole, and is similar to those given in our former papers. 

The last curve (curve E) shows the variation of the mean daily 
area of sunspots from year to year, also for each hemisphere. 

Referring now to the changes of latitude of the prominence centres 
of activity, both series of curves for the north as well as for the south 
hemisphere exhibit the same general features. 

The first conclusion illustrated by the curves is that prominence 
activity in the main has a poleward drift, that is, the change of 
position of the zones of activity is in the direction from low to high 
latitudes. In some years, the centres of activity appear to form two 
zones in each hemisphere at about latitudes ± 24" and ± 50", which 
eventually amalgamate at about latitude ± 40" and move polewards, 
fading out in about ± 70" to ± 80". As this zone disappears in high 
latitudes a new zone at about latitude ± 20" begins, and this after a 
few years becomes associated with another zone in about latitude 
± 50", and eventually amalgamates with it. 

The epochs at which these different zones come into play in relation 
to the general curve of prominence activity for the whole hemisphere 
are as follows: From a little after the maximum of prominence 
activity to just before the minimum, two zones in the latitudes + 24" 
and ± 50" are in existence and of decreasing intensity. Before the 
minimum is reached these two zones amalgamate in about latitude ± 40". 
At the minimum there is only one zone, and this of small intensity. 
Between the minimum and the following maximum this zone rapidly 
takes a northern movement, increasing in intensity i a new outburst 

* ‘Spectroscopic and Photograpliic Obserrations made at Eoyal Observatory, 
Greenwich, 1884/ and after. 

t MSS. at Eoyal Society. 
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occurs in a zone nearer the equator (latitude ± 24°), which also 
increases rapidly in intensity. 

After these general statements, we now refer to some details 
showing that there are some variations from the above generalisa- 
tion. 

For these details the curves deduced from both sets of observations 
made by the different observers are so very similar that it does not 
matter which are examined. 

Attention may first be drawn to certain differences between the 
curves representing the latitude variation for the two hemispheres. 
It will be noticed that for the period 1872 — 1882, the curves for both 
hemispheres are very similar. We next consider the period 1880 — 
1893, Here there are differences between the two hemispheres. The 
curve for the northern hemisphere resembles very closely that for the 
preceding period, but it dijfifers somewhat from its corresponding curve 
for the southern hemisphere. The corresponding northern zone in 
latitude 45“ is missing from the southern hemisphere, while a zone of 
activity nearer the equator about latitude 24“ is present. Further, 
the polar zone for the southern hemisphere continues to be prominent 
for two years longer than that in the opposite hemisphere. 

In the succeeding curves, which extend from 1891 — 1901, both 
hemispheres are more or less similar, and both resemble in a greater 
degree those for the southern hemisphere for the period 1880 — 1893 
than those for the period 1872 — 1882. 

Although the Eoman and Sicilian observations give nearly identical 
Curves, hemisphere for hemisphere, the apparently regular cycle of 
change of latitude which was operative for the northern hemispihere 
^1872 — 1893, and for the southern hemisphere 1872 — 1882, does not 
seem to have been so exactly maintained in late years ; more irregular 
still perhaps is the last cycle commencing in the year 1892. Hence, 
there seems reason to believe that the prominence circulation is not 
quite the same for each cycle, and this may in some way be due to a 
longer solar period such as that of about 35 years. 

But it is important to state that our deductions may be partially 
incomplete owing to the difficulty of determining sometimes whether a 
new centre of action has been formed or the position of an old one 
changed. Further, account must be taken of the fact that the material 
discussed does not represent the record of the percentage frequency of 
prominences determined from observations made on the disc of the 
sun (now rendered possible by the Janssen-Hale-Deslandres method), 
but one obtained from observations of the phenomena occurring only 
at the limb of the sun. The close agreement between the observation 
of the different observers shows nevertheless that this latter method is 
of great value. 

Another important series of prominence observations is that made 
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by Father A, Fdnyi, S. J., who has published* the individual observa- 
tions, and the reductions of the positions and frequency of promin- 
ences observed at Haynald Observatory for the years 1884 to 1890 
inclusive. He gives curves constructed somewhat after the manner 
adopted in the present enquiry, as illustrated above, in fig. 1. A com- 
parison of the points of maxima from his curves with those of Tacchini 
aqd Ricco and Mascari for the period common to all three sets of 
observations is made in the following tables, each hemisphere being 
given separately. The vertical columns show, for each year, the 
heliographic latitudes of the points of maxima, and an asterisk (*) is 
placed against the one which is the more or most prominent in each 
hemisphere; when there are two, and they are of equal intensity, this 
symbol is attached to each, while in the case of only slight indications 
of maxima the latitude is enclosed in brackets. 


Northern Hemisphere. 



1884, 

1885. 

1886. 

1887. 

1888. 

1889. 

1890. 

Tacchini .... 

50, 25 

# 

45, 25 

# 

45, 20 

35 

# 

35, 15 

40 

45 

Eioco and 

55, 20 

# 

55, 15 ! 

# 

45, 25 

30 

35 

45 

45 

Mascari 
P^nyi ...... 

65, 45, 15 

45, 25 

45, 20 

45 

40, 20 

25 

45 


Southern Hemisphere. 



1884. : 

1885. 

1886. 

1887. 

1888. 

1889. 

1890. j 

Tacchini . . 

(75), 2*5, 5 

25 

35,20 

&, 25 

* ^ 
45, 25 

45 

45 

Ricco and 

(85). 2*5, (5) 

25 

35 

# 

45, 25 

# * 
50,25 

45 

60 

Mascari 

* « 

# 

# # 




# 

P5nyi .... 

(75), 35, 15 

(50), 35 10 

35, 10 

50, 30, 15 

50,26 

40 

60, 20 j 


It will be seen that for these seven years, F^nyi’s results are in very 
close accordance with those deduced from the other tvro series of 
observations, thus generally endorsing those portions of the curves in 
Plates 6 and 7 covering this period. 

It was mentioned in a previous papert that the mean prominence 
curve for each hemisphere exhibited subsidiary maxima and minima. 
In the light of the present investigation, it is interesting to compare 

* ‘ Publicationen des jEIaynald-ObeerTatoriums, Kalocaa/ Heft VI, 1892, xiud 
VIII, 1902. 

t ‘Roy. Soc. Proc.,’ yol. 71, p. 244. 
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this curve with that representing the changes of latitude of the 
zonM of prominences. In every case, and for each hemisphere the 
subsidiary maxima are coincident in time with the presence of two 
zones of pominences, each well-developed, while at the princinal 
minima only one zone is in evidence. 

We have steady explained the fact that spots are restricted to a 
zone haying its limits at latitudes ± 5“ and ± 35°, while prominences 
occur all over the sun’s disc, even up to the poles, and also that spots 
always commence their cycle in high latitudes (about ± 35°) and 
gradually approach the equator until within 5°, when a new cycle is 
commenced in high latitudes. Prominences on the other hand begin in 
latitudes (about ± 24°), and finish their cycle near 

A glance a,t the Plates 6 and 7 brings out the interesting fact that 
at sunspot minima, when two zones of spots are in evidence, there is 
only one zone of prominences, while when only one zone of spots 
existe the pronmences are for the most part confined to two zones. 

The conclusions arrived at in the present communication may be 
summarised as follows : — 

1. The centres of action of prominence activity undergo an appa- 
rently regular variation. ./ s 

1 ^Ireotion of motion of these centres is from low to high 

Studes’ ^ 

3. At epochs of prominence minima (which are concurrent with 

sunspot mnima) these centres of action are restricted to one zone 
(about ktitude ± 44°) in each hemisphere, while those of the spots 
occupy two zones in each hemisphere. ^ 

4. “early all other times’ these centres are apparent in two 

® *1^® fPe*!® occupy only one in each hemisphere. 

5. The subsidiary maxima exhibited by the curves representing the 
percentage frequency of • prominence activity for each entire hemi- 
sphere, are due to the presence of two well-developed centres of pro- 
minence activity in each hemisphere. 
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PliATB 6. — Curves showing the Relation between the Positions of the Centres of Action of Solar Prominences (A and B) and Spote (0), Percentage Frequency 
of Prominences (D), and Hean Daily Areas of Spots (B), for the IS’orthem Hemisphere of the Sun. 

Noie , — ^The continuous and broken vertical lines represent the epochs of sunspot maxima and minima as determined from the mean daily areas of the whole 
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PxATE 7. — Similar Curves to tliose on Plato 1, only in this case the Southern Hemisphere of the Sun is referred to. Vertical lines same as on Plate 1, 
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'' On the Cytology of Apogamy and Apospory. — 1. Preliminary 
Note on Apogamy.” By J. B. Farmer, F.RS., J. E. S. Moore, 
and Miss L. Digby. Keceived March 24, — Bead March 26, 
1903. 

The phenomena of apogamy and apospory have always been regarded 
as ‘‘short cuts” in the life history of ferns, and the fact that 
apparently either generation may be directly produced from the 
other, without the intervention of oosphere or spore respectively, has 
been taken to indicate that the gametophyte and sporophyte are 
homologous phases in the life histories of these plants. But since the 
cytology of the two generations has been carefully studied, it has 
become recognised that the prothallial generation is composed of cells, 
the nuclei of which possess only half the number of chromosomes 
that are characteristic of the alternate sporophyte generation. 

In normal cases the doubling of the number of the chromosomes is 
effected during the transition of the gametophyte to sporophyte by 
the addition of the chromosomes belonging to the spermatozoid to 
those of the oosphere, and this double number is retained until they 
once more become reduced to one half in the formation of the spores 
that introduce again the gametophyte stage of the life-cycle. 

It is obviously therefore of considerable theoretical interest to 
ascertain how the irregular transitions known as apospory and 
apogamy are effected. It is with the facts of apogamy that we are 
here concerned, the details relating to apospory being reserved for a 
future communication. 

Certain species of nephrodium {e,g., pseudo-mas, var. polydactylum) 
are known to produce prothallia on wJiich the apogamous formation 
of sporophytes is of normal instead of rare occurrence.* By the 
kindness of Dr. Lang we received a number of prothallia in all stages 
of growth in which the special apogamous developments could be 
perfectly traced. An examination of them has resulted in the dis- 
covery of remarkable nuclear changes that appear to be obviously 
related to the apogamy of the prothallia in question. 

If very young prothallia are examined before any apogamous 
growths have begun to manifest themselves, it will be seen that cells 
not unfrequently occur in which two nuclei are present. This fact 
was recorded by Lang in the case of older prothallia, and was also 
figured by Heimf in the case of Doodya cmdata, but he makes no 
mention of it in the body of his paper. 

* Lang, “On Apogamy and the Development of Sporangia upon Tern Pro- 
tliallia,” * Pbil. Trans.,’ series B, vol. 190, 1898, p. 214f. 

t Carl Heim, “ XJntersuoliungen ii. Tarn Protliallien,” ‘Flora,’ vol. 82, 1890, 
p. 338, fig. 7. 
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tion through which a strand of cytoplasm was still visible connecting 
the two cells. 

When the migrating nucleus has passed into the neighbouring cell 
it sometimes fuses at once with the nucleus already present there, 
but often the two nuclei remain more or less separated for an 
appreciable interval of time. 

It appears then to be clear that the presence of the pair of nuclei 
is not to be regarded in these cases as resulting from a division of the 


TTio. 4. 



nucleus proper to the containing cell, but has merely been arrested 
at a stage short of producing a wall Such a state of things is very 
common in the tissue-cells of many plants, but we think that the 
facts enumerated above sufSice to prove that no such simple explana- 
tion will fit in the present case. 

The migration of the nucleus, as above described, goes on discon- 
tinuously in a growing apogamous prothalJiun. In this way there is 
provided a cellular aggregate that may possess no very homogeneous 
character, nor can 'one cell, or even isolated grqups of cells, he 
defined as the sole parent tissue from whence the apogamous out- 
growth may have sprung. And this is quite in harmony with the 



457 


1903.] On the Cytology of Apogamy and Aigo^ory. 

irregular growth of the new tissue, and with the sporadic appearance 
of sporophytic members, on the prothallium already described by 
Lang. 

When the nuclei of the cells in the apogamous regions are examined 
in course of karyokinesis, they are seen to possess a much larger 
number of chromosomes than those of the ordinary tissue cells of the 
prothallium. Owing, however, to the manner in which the very 
numerous chromosomes are distributed on the spindle, an exact estima- 
tion of actual numbers is a task of considerable difficulty. There 
appear, however, to be forty and eighty in the respective classes of 
nuclei. 

We regard the whole process as a kind of irregular fertilisation. The 
doubling of the chromosomes receives an explanation strictly analogous 
to that afforded by the normal fusion of oosphere and spermatozoid. 
But instead of one cell only (the oospore) serving as the starting 
point for the new generation, a number of such units loosely co-operate 
to produce it. And in this connection it is perhaps significant that 
the young plantlet is commonly borne on, and produced from, a 
special sporophytic outgrowth, of which the constituent cells may have 
become homologously differentiated into a sort of pro-embryo. 

Instances are not wanting amongst lower animals to show that 
close cellular in-breeding may occur, and form part of the normal 
sexual series of events. It is not desired to press the analogy of such 
eases; but the case of Actinosphaerium shows that a process indis- 
tinguishable from normal sexual fusion may occur between sister cells 
that have only lately arisen from the division of a parent cell. 

We do not propose to enter on a full theoretical discussion of the 
bearings of these observations at the present time, but we hope to do 
so when we are in a position to deal completely with the corresponding 
cytological features associated with apospory. 
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“A Study of a Unicellular Green Alga, occurring in Polluted 
Water, -with especial Eeference to its Nitrogenous Meta- 
bolism.” By Haeeebttb Chick. Communicated by Professor 
Eubekt Boyce, F.E.S. Eeceived February 28, — Eead March 
12, 1903. 

(From the Thompson Yates Laboratories, University College, Liverpool.) 

[Plate 8]. 

A small, unicellular, green alga was noticed to be frequently present 
in sewage, and sewage materials, when these had been kept for some 
time. The same alga was also found to have seeded itself in dilute 
ammoniacal solutions. This somewhat peculiar habitat seemed to 
promise that something of interest might repay a study of the 
physiology of the plant. On examination, under the microscope, it 
was found to be an extremely small, unicellular, uon-motile alga, with 
a well-defined chromatophore, which latter contained a distinct 
pyrenoid. The general eharncteristics of the alga pointed to its being 
closely allied tcrChlorella (Beyerinck),* and I have provisionally placed 
it in that genus.” ' Ghlorella vulgaris was originally described by 
Beyerinck as possessing either no pyrenoid, or an insignificant one ; 
Chodatjt on the other hand, has described the species as having 
generall;^ a pyrenoid, and has figured it accordingly. In a culture of 
(?. vulgaris, obtained from Krai, I have been unable to detect a pyrenoid, 
and, since the alga here treated of possesses a very conspicuous one in 
its chloroplast, I have ventured to attach a new specific name, and to 
call the organism Ghlorella jpyrenoidosa. Though in the higher forms, 
such variation in eytological character between the species of a genus 
is practically unknown, yet the same difference occurs between different 
species of Stichococcus^X of and of Pleurococms,\\ all genera 

of unicellular green algse, showing very simple cell structure, and 
more or less nearly allied to Ghlorella. 

The peculiar natural habitat of the plant, and its appearance in 
ammoniacal solutions alluded to above, both pointed to a preference 
for ammonia in its nutritive fluid. In fact, in one instance, this alga 
was found to have grown in a dilute solution of ammonium chloride, and 
it was thought worth while to make an estimation of the ammonia. 
This was done by directly Nesslerising, and it was found that the 
ammonia had disappeared. By distilling the solution with alkali, 
however, the ammonia was obtained in a roughly quantitative yield. 

* ‘Bot.2eit./ 1890, p. 730. 
t ^ Beitrage z, Ejyptogamenflora d. Schweiz.* 

X Matruchot andMolliard, *Rev. G’en. de Bot.,* vol. 13, 1902 (May), 

§ Obodat, ‘ Mem. de FHerb. Boies,,* 1900, No. 17. 

|[ Snow, ‘Annals of Botany,’ 1899; Ohodat, ‘ Bull, he I’Herb. Boiss.,’ 1894. 
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The algal material also grew exceedingly well when stroked upon the 
following ammoniacal medium:' — 2*0 grammes NH4OI, 1*0 gramme 
Isra2C08, 0*5 gramme K2HPO4, 15*0 grammes agar-agar, in 1 litre 
water. The growth was, however, contaminated with numerous 
bacteria. 

This evident ready assimilation of ammonia pointed to the possibility 
of the organism’s playing some part in the “ purification ” of sewage 
or further natural “ purification ” of sewage efiiuents, and its nitrogenous 
metabolism was studied with this view. 

Mode of Prepamtion of a Pure Culture. 

The first step necessary towards a study of the chemical.physiology 
of the alga was the preparation of a pure culture. As the separation 
of algae in pure culture is not of very common occurrence, few as 
yet having been obtained, it may be permissible to describe in detail 
the method adopted. The following methods were tried without 
success. Sterilisation, as regards bacteria, was attempted ]->y exposure 
of liquid cultures to sunlight, and hydrogen peroxide w'-as also tried 
as a means of killing the adherent bacteria, but the alga appeared 
to be susceptible also. More purely bacteriological methods were 
employed, viz.: — by stroking in great dilution over the surface of 
potatoes, and by “ pouring ” plates of ammonium agar, or ammonium 
gelatine, and incubating in sunlight, at a low temperature. All these 
methods failed for one, reason or another, but the organism was 
finally separated in the following way. It seemed advisable to employ 
an ammonium-containing medium, and ammonium agar was therefore 
selected Plates of this medium were poured and allowed to set. An 
ammoniacal solution was also made and sterilised, having the following 
composition 0*5 gramme Na2C08, 0*5 gramme K2HPO4, 0*1 
gramme NH4CI, 1 litre tap-water or distilled water. This solution# 
will in future be alluded to as solution A.” 

A few drops were allowed to drop upon the surface of the poured 
plates, then a small portion of the impure material was added to the 
first plate, and the whole was brushed over the surface. The same 
brush was then used to brush the liquid over the second plate, and 
so on, to six plates or more, without the addition of fresh algal 
material, so that a considerable dilution was obtained. The plates were 
kept in the light, in as much sunshine as was possible, protected 
from dust, and in a damp atmosphere. In seven to fourteen days, green 
growth was generally visible, and after three or four weeks, definite 
algse-colonies 'were to be distinguished among the colonies of bacteria. 

In this way pure cultures of Chlorella pyrenoidosa were obtained from 

(1) Material of Ducat Filter Bed (Hendon). 

(2) Sludge wash-water (Leeds). 
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This method may be relied upon to yield pure cultures, for it has 
since been repeated, and again proved successful. 

The following is a fairly comprehensive diagnosis of ChWella 
pjrenoidosa, 

Chlorella (Beyerinck)* * * § very minute, unicellular, non-motile, spherical 
or elliptical green algae; chromatophore single, parietal, with or 
without a pyrenoid; cells isolated, showing no tendency to form 
colonies ; multiplication by division of the cell-contents to form a 
number of daughter cells. 

G, pyrenoidosa (sp. n.) : — cells spherical, 3 — 5 /i in diameter, some- 
times attaining 11 ju-; chromatophore single, parietal mantle-shaped, 
covering nearly the whole of the cell-wall; pyrendid conspicuous and 
single (see* Plate 8, fig 3); reproduction by successive division of the 
cell-contents to form within the mother cell as many as eight daughter 
cells, which subsequently become free of the mother cell wall (see 
fig. 5). 

Physiological characters . — Showing a marked preference for ammonia 
and ammoniacal compounds {e,g., urea) compared with nitrates in its 
culture fluids; growth and multiplication largely increased by the 
addition of glucose to the culture fluids, causing the cells and cell- 
contents to assume a changed and characteristic appearance. 

Chlorella pjrenoidosa resembles C. jprotothecoides (Krugerf) very 
closely, both in its physiology and morphology ; it differs, however, 
in the possession of a pyrenoid. This pyrenoid with few exceptions 
is very conspicuous, and can often be stained blue with iodine, being 
the only part of the cell which shows this staining. G. pp'enoidosa 
differs also from C. mlgaris (Beyerinck)t in many of its physio- 
logical properties, as well as by the possession of the well-marked 
pyrenoid. Its morphology bears, however, a very close resemblance to 
that of a green alga isolated and studied by Kossowitsch.g This alga 
* itself resembled 0. mlgaris (Beyerinck) and Cystococcus (Nageli)|| very 
closely, and Kossowitsch decided to call it “ Cystococcus,” in spite of 
certain small differences which existed. It has seemed to me the wisest 
plan to attach the alga, diagnosed above, to the genus Chlorella^ and to 
add a new specific name “ pyrenoidosa,” although it resembles the 
Gystococcm figured and described by Nageli, and it seems not unlikely 
that it may be identical with Kossowitsch^s Gystococcus. 

C. ^yrenoidosa grows exceedingly well, in pure culture, upon 
nutrient gelatine, nutrient agar or ammonium agar, and also in many 
liquid media. In media containing glucose the growth is much 

* ‘Bofc. Zeit.,* 1890, p. 725 ; ^Cent. f/Bakt.,’ toI. 13, 1893, p. 368. 

t Zopf’s ‘ BeitrS-ge z. Morph, u. Phys. l^ied. Org.,’ Leipzig, vol. 4, 1894, p, 92. 

I * Bot. 2eit.,* 1890, p. 725 ; ‘ Cent, f, Bakt.,* vol. 13, 1893, p. 368. 

§ * Bot. Zeit; 1894, vol. 8; p. 97. 

1! * Gattunger einzeiliger Algen,’ Zurich, 1894, p. 84.’ 
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stimulated, and this is particularly rapid when grown upon nutrient 
agar or gelatine to which glucose has been added. The liquid medium 
far excellence for studying this organism, is sterilised sewage, in which 
it preserves its normal form and characteristics. In solution A, it also 
grows well, while if to the liquid a small quantity of glucose is added, 
the growth is much stimulated, and the individuals assume the appear- 
ance, described below, characteristic of growth in glucose media. 

Accompanying the much more abundant development, the nitrogen 
assimilation is also increased, as will be seen later, 

Glucdse-containing media (fig. 4). When grown upon media containing 
glucose, while the general growth is much improved, and the individual 
cells are also larger in size upon the whole, the 'green colour of 
the cell-contents is much paler, and sometimes almost disappears, 
while the chromatophore is much disorganised. The contents of the 
cell appear to be segregated into a variable number of slightly 
refractile bodies, usually pale greenish-yellow in colour, which are 
apparently free in the cell. If when mounted in water under the 
microscope, a slight pressure is applied to the coverslip, the cell 
envelope is easily ruptured, and these bodies are liberated, and float 
freely in the surrounding liquid. The protoplasm also, in the case of 
glucose cultures, shows small granules, and the pyrenoid is no longer 
to be traced, but a certain amount of staining with iodine may be 
noticed in the granular protoplasm. These changes closely resemble 
those noticed respectively by Kruger* in the case of his Chloi'oihecium 
saccho/rofhilvm and Ghlorella frotothecoides, and by Matruchot and 
Molliardt in the case of Stichococcus bacillaris, when these algae were 
grown upon glucose cqntaining media. ^ 

The results of growing G, pjrenoidosa upon media containing lactose 
or saccharose also resembled those of the above authors. These two 
sugars appear to possess a far lower nutritive value than does glucose, 
while the algal cells preserve their normal appearance. When grown 
upon ammonium agar, the growth is comparatively slow, the 
individuals appear larger in size than when grown upon ordinary 
nutrient agar, their green is darker and the cell-contents are of the 
normal type. 

Quantitative Ghemical Experiments, 

The evident preference of this organism for ammoniacal culture 
solutions seemed to be a reason for studying its nitrogen assimilation. 
The absorption of ammonia by algae is not a new discovery ; it is well 
known, from the researches of Letts and Hawthorne, t that Ulva laiissima 

* Zopf * Beitrage z, Morph, u. Phys. Nied. Org.,* Leipzig, vol. 4, 1894, p. 91. 

f * Rev. Gen. de Bot.,* vol. 13, 1902. 

J Letts and Hawthorne, ‘ Roy. Soc. Proc., Edin.,^ 1901, p. 268 j Letts, “ Report 
the Scheme of Sewage Purification proposed for Belfast, and its Probable 
Effects on the Lough.’’ 

VOL. LXXI. 2 L 
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absorbs ammonia with extreme rapidity, and, consequently, will grow 
and develop to an extraordinary extent in sewage-polluted water, for 
such water contains a comparatively large amount of ammonia. 0. 
pgreraldosa also absorbs ammonia in a marked degree, and this fact 
lends practical importance to the study of its nitrogenous metabolism, 
for it also may have some bearing upon the purification of sewage. 
Although the organism is itself very small, and the absolute quantities 
it tackles also insignificant, yet the results of the following experi- 
ments, themselves upon a very small scale, tend to show that if 0. 
jpyrenoidosa were growing in great quantities {e,g., in the bed of a 
river polluted with sewage), very important changes might be effected 
in the composition of the water in which it grew. 

The method of pure cultures was adopted in every case, unless 
otherwise stated. “Pasteur flasks” were used to contain the cul- 
tures; these were sterilised and then filled with the sterilised 
culture fluid by means of sterilised pipettes. One flask was always 
kept sterile, as a control, while a second was inoculated with 
Clihrella pjrenoidoBa, The flasks were kept, often for months, in a 
sunny place, protected from dust, and in a damp atmosphere in 
order to prevent evaporation. These Pasteur flasks can be obtained 
to hold 300 C.C., and this size, when containing 150 c.c. of fluid, 
was found to be extremely convenient. To see if the cultures and 
controls remained in a sterile condition as regards bacteria, they 
were tested from time to time by abstracting a few drops and adding 
them to tubes of ordinary bouillon. These tubes were incubated 
both at the ordinary temperature and at blood heat, and were 
watched to see if any bacterial growth took place. The risk of con- 
tamination was found to be extremely small, and its occurrence very 
rare. The figures in the following tables refer in every case to 
cultures that were successfully maintained in a state of purity. It 
was found, in a few cases, as will be seen in the following tables, that 
difficulty was experienced in maintaining constant the analysis of the 
sterile control, when the experiment lasted over a long period. In 
these cases it would seem as though the ammonia present suffered a 
slight volatilisation, but this does not vitiate the analysis of the corre- 
sponding cultures, because the changes in the control are, in all cases, 
insignificant when compared with the changes taking place in the 
inoculated fluid. In such cases, it seems a fair procedure to subtract 
the change in the control from that in the culture, and to consider the 
difference as due to the activity of the alga. 

Methods of Analysis . — Samples for analysis were removed from the 
flasks under examination from time to time by means of sterile 
pipettes. These pipettes were always carefully cleaned, plugged, and 
then sterihsed by heating in a hot-air steriliser at ISO** C. for one 
hour. To protect them from any dust they might attract during this 
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operation, their ends were fixed by means of cotton wool in the 
mouths of test tubes, and the whole wrapped in filter paper, and left 
so until actually used. When the samples were removed for analysis, 
the liquid was at rhe same time tested for sterility in the way already 
described. 

The culture liquids employed were sterilised sewage and sewage 
effluents, and also sterilised artificial liquids whose composition was 
arranged to resemble that of sewage as nearly as possible. The sewage 
was usually allowed to stand for several days, then filtered, and after- 
wards sterilised by successive heatings at 100“ C. The artificial culture 
media were the solution. A, referred to above, and also the same 
solution to which a small amount of glucose has been added (about 
0;25 per cent.). 

The methods of analysis were those usually adopted in water and 
sewage analysis. In the estimation of the free ammonia a small 
-portion of the liquid to be analysed (3 to 10 c.c.) was diluted with about 
500 c.c. ammonia free water and distilled. Three successive portions 
of 50 c.c. were distilled off, and the ammonia contained in them esti- 
mated by means of adding Nessler^s solution and comparing the 
yellow tint with that given by definite amounts of standard ammonium 
chloride solution. “ Albuminoid ammonia ” was afterwards estimated 
by adding a fixed amount of “alkaline permanganate” solution,* 
distilling as long as ammonia came over in the distillate, and esti- 
mating these amounts in the same way. It is possible that in some 
cases the quantities of albuminoid ammonia given in the analyses 
in the following tables may be slightly too low. For, in certain 
instances, towards the end of the distillation, the ammonia came over, 
in the distillate, very slowly and in very small quantities. It was 
considered more accurate in these cases to discontinue the analysis 
■when these amounts fell below a certain very small value, since the 
error in estimating such very small quantities becomes comparatively 
great. 

The presence of nitrates or nitrites was detected by means of 
diphenylamine - sulphuric acid and metaphenylene -diamine, while 
quantitative estimations were made by means of the “copper-zinc 
couple ” method in which the nitrogen present as nitrates or nitrites 
is estimated as ammonia.f To allow for any ammonia that might 
have been originally present in the solution or introduced as traces 
during the analysis, a control estimation was always made. This 
analysis was carried out in every way like the real one, except that no 
“couple” was introduced, and the ammonia thus obtained was sub- 
tracted from that found in the actual estimation. 

The analysis of the cultures of this alga by these methods is by no 
‘ Volumetric Analysis,’ Sutton, 8th ed., p. 612. 
t p. 482, 
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means easy, for the quantities treated are exceedingly small, the 
methods of analysis adopted demand a comparatively large margin of 
experimental error, and the length of time, over which many of the 
experiments must continue, is also a drawback. The sterilisation of 
flasks and pipettes must also introduce a slight error where such small 
quantities of ammonia are concerned. The estimation of the albuminoid 
ammonia is frequently rendered troublesome by the tendency of the 
liquid to bump while distilling. It has been found that this difl&culty 
is usually obviated if the ammonia-free water used for dilution is well 
aerated, and if, from time to time, small quantities of fresh aerated, 
ammonia-free water are added during the distillation. 

The absorption of ammonia, as this alga grows in ammonia-contain- 
ing culture liquids, is well shown by the results of the analyses in 
Tables I — ^YII. At the same time, the amount of albuminoid ammonia 
present steadily increases, and, on the whole, a fairly even balance 
is maintained, which can be seen by comparing the quantities of total 
nitrogen. 

The evident preference of Ghlorella ^yremidosa for its nitrogen as 
ammonia, rather than in an oxidised form, is seen from Tables II, III, 
IV. In Table III an impure culture of the alga was allowed to grow 
alongside the pure culture, and it will be seen that similar changes 
had been taking place in the former, although they were not so well 
marked. In the case of the pure culture, nearly all the free ammonia 
was absorbed in six weeks, a considerable amount of albuminoid 
ammonia was produced, while the nitrates and nitrites appear to have 
remained free from any attack on the part of the alga. In the case of 
the impure culture less free ammonia was absorbed, less albuminoid 
ammonia formed, and some of the oxidised nitrogen present in the 
solution had been assimilated. 

The presence of a small proportion of glucose (0*25 per cent.) has a 
very remarkable effect in stimulating the nitrogen assimilation of the 
plant (see Tables VI and VII). In these two cases, cultures were 
started in exactly similar solutions, except that to the one set the 
above small amount of pure glucose was added. In this case 
(Tables VI h and VII 6), practically all the free ammonia was absorbed, 
and largely converted into albuminoid ammonia in an extremely 
short time, when compared with the cultures grown in the solutions 
containing no sugar. The glucose cultures showed evidence of much 
more growth, and the individual algal cells were also much paler in 
colour. 

It appeared to be a point of interest whether this albuminoid 
ammonia, so invariably formed in these cultures of Ghloi'ella pyrenoi- 
iUm, corresponded to nitrogenous substances formed within the plant 
cell and kept there, or whether such substances were formed, and then 
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allowed to go free in the liquid. With the object of settling this 
point, cultures which had manufactured a good deal of albuminoid 
ammonia, were subjected to centrifugalisation, and analyses made of 
the clear solution (see Tables VI h (analysis No. 3) and V). The clear 
solution in either ease contained no more albuminoid ammonia than 
the control, proving that the elaborated nitrogenous substances were 
entirely retained within the cell body. 

In two cases, however (Tables Ylh (analysis No. 4) and VII ^>), 
older cultures were examined. The word “ older is here used to imply 
that these cultures had passed through many more cell-generations, 
judging from the appearance of the growth and the size of deposit 
present. In these cases, a considerable amount of albuminoid ammonia 
was found to exist in the clear liquids. This seemed to prove that 
the algal individuals, under certain conditions, yield up to their 
culture liquid somewhat complicated nitrogenous matters in a soluble 
form, and a probable explanation would be tliat they exhibit this 
phenomenon when the cells are in a dying or dead condition. This 
fact assumes a certain significance when it is remembered that the 
natural habitat of this alga is ammoniacal liquids, hence notably 
polluted waters. The actual amount of assimilation and excretion 
is extremely small, and it would be difficult to assert that the 
presence and growth of such an alga as Chlorella pijrenoidosa was 
of very great importance in nature. But the effect of this alga, if 
present, would probably be to leave the water, in which it has grown, 
in what would be termed a “ more impure ” condition. It is evident 
from the above experiments that the organism possesses the faculty of 
converting saline ammonia into albuminoid ammonia, which, under 
certain conditions, is discharged from the cells into the culture fluid, 
“ Albuminoid ammonia ” is a name given to a certain class of sub- 
stances on account of facts connected with their analysis ; these 
substances are quite unstudied, and, in this instance, may be perfectly 
harmless compounds. But the presence of albuminoid ammonia to 
more than a very small degree has always been considered, perhaps 
without sufficient foundation, to show evidence of dangerous pollu- 
tion, and hence to be most prejudicial to any water. The formation 
and excretion of such compounds by a green alga appears to be a 
new phenomenon, and is not without especial interest in this 
connection. 

An attempt was made to compare the nutritive value for Chlorella 
pyrenoidosa of various nitrogenous substances, and with this object a 
series of nutrient fluids were prepared of the same composition as 
those used by Kriiger^ in his experiments with Chlorella protothecoides 
and Chlorothecium saccharophilum. 

* Kriiger, Zopf^s * Beitriige z, Pbjs, u. Morph. !Nied. Org.,* Leipzig, voL 4,. 
p. 103. 
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A stock solution was made having the following composition ; 

Glucose 1 *0 per cent., K 2 HPO 4 0*2 per cent., MgS 04 0*04 per cent., 
CaOla 0*02 per cent., distilled water 100 c.e. 


With this stock solution eight different culture solutions were pre- 
pared containing respectively 0*1 per cent, of the following : — 


1 . Asparagine. 

2 . Aspartic acid. 

3. Urea. 

4. Uric acid. 


5. Peptone. 

6 . Xanthin. 

7. Hippuric acid. 

8 . Stock solution, without further 

addition. 


Of these solutions, the cultures grown in those containing urea and 
uric acid were found to flourish exceedingly well, and by far the best, 
while of the others, the culture in the liquid containing xanthin gave 
evidence also of being very well nourished. 

Uric Acid Cidtme . — An analysis was made of this culture in the 
ordinary way. In the case of the control liquid, it was found that 
no free ammonia was obtained, and comparatively very little of the 
nitrogen of the uric acid was yielded as albuminoid ammonia. It was- 
found, however, that when CKLo^'clla jgyT6%o%dosa had been growing in 
the liquid, the yield of albuminoid ammonia was much increased, 
showing that much of the nitrogen of the uric acid had been assimi- 
lated by the organism and converted into albuminoid ammonia. 

Urea Culture* In the case of the control urea-containing liquid,, 
abouh 25 per cent, of its nitrogen was yielded, on analysis, as free 
ammonia. In the case of the inoculated fluid, about 30 per cent, of 
this a,mmonia was found to have disappeared, that is, to have been 
assimilated. After addition of alkaline permanganate, distinctly more 
ammonia was yielded from the liquid in which alga had grown than 
from the sterile control. 

It is difficult to draw very positive quantitative conclusions from the 
results of the^ above two experiments, but it seems evident at least 
that this alga is able to assimilate with very great ease and without 
any previous decomposition the nitrogen both of urea and uric acid. 
The former substance has also been found by other observers*^ to be 
a useful source of nitrogen for plants in certain instances. 

In the case of Chlorella pyrenoidosa, however, these facts are of 
special interest, when it is remembered that the plant naturally grows 
in water that has been contaminated by sewage. 


* Cameron, ‘Trans. Brit. Assoc.,' 1857 5 ViUe, ‘ Compt. Bend.,’ vol. £5, p. 82. 
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Table I. — Showing Assimilation of Ammonia. 
Culture in Solution “A.” Started October 21, 1901. 


Ko. of analysis. 

Date of 
analysis. 


Control 

Culture of 
Chlorella 
pyrenoidosa. 


Per cent, 
nitrogen. 

Per cent, 
nitrogen. 

1 

21,10.1901 

Free ammonia 

0*00209* 

— 

2 

' ' 

26.10.1901 

Free ammonia 

0-00183* 

0 *00144* 

3 

2.11.1901 

Free ammonia 

0 ■00152* 

0*00114* * 

. 4 

28.11,1901 

Free ammonia 
Albuminoid 
ammonia ' 
Nitrites 
Nitrates 

0-00194t 

0*00062 

0 

0 

0 -ooo^it 

0 *00081 

0 

0 


^ Estimated by direct Kessler isation. 

+ Estimated, after distilling, by Kesslerisation. 


Table II. — Showing the Assimilation of Ammoniacal Nitrogen in 
preference to Oxidised Nitrogen. 

Culture in a Sterilised Sewage Effluent (Land). 


Date of analysis. 

— 

Control. 

Per cent, 
nitrogen. 

Culture. 

Per cent, 
nitrogen. 

31.10.1901 

Free ammonia 

0*000142 




Albuminoid ammonia 

trace 


7.12.1901 

Free ammonia • 

0 *00009 

0 


Albuminoid ammonia 

0 *00007 

0 *00025 


Nitrates 

0 *00215 ' 

0*00213 


Nitrites. 

0 

Faint trace 

1 

Nitrogen — 




Total (by addition) 

0 -00231 

0 *00238 
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Table III. — Showing the Assimilation of Ammoniacal Nitrogen in 
Preference to Oxidised Nitrogen, and Formation of Albuminoid 
Ammonia. 

Culture in Sterilised Sewage, which had stood for some time. Started 
November 8, 1901. 


Bate of 
analysis. 



Control. 

Pure culture 
of Chlorella 
fyTtnoidom, 

Culture of 
Chlor. pyrenoU 
dom contami- 
nated with the 
bacteria -which 
usually accom- 
pany it. 



Per cent, 
nitrogen. 

Per cent, 
nitrogen. 

Per cent, 
nitrogen. 

8.11.1901 

Free ammonia 

0*00124 




Albuminoid 

ammonia 

0*00023 



18.12.1901, to 

Free ammonia 

0*00141 

0 -00080 

0-00058 

20.12.1901 

Albuminoid 

ammonia 

0*00025 

0 -00105 

0-00097 


Nitrites 

Small reaction. 

Small reaction 

Small amount 


Nitrites and 
nitrates 

0*00142* 

0 -ooisst 

0 -00119 


Total nitrogen 
(by addition) 

0*00808 

0 -00270 

0-00274 


♦ Free ammonia was got rid oi by boiling before the addition of the ZnCu 
eouple. 

t Probably under estimated. 
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Table IV. — Showing the Assimilation of Ammoniacal Nitrogen in 
Preference to Oxidised Nitrogen, and the Formation of Albuminoid 
Ammonia. 

Culture in Sterilised Sewage. Started October 31, 1901. 


■ No. of analysis. 

Date of 
analysis. 


Control. 

Pure culture 
of Chlorellt^ 
^yrenoidosa. 


Per cent, 
nitrogen. 

Per cent, 
nitrogen. 

1 

31.10.1901 

Free ammonia 
Albuminoid 
ammonia 

0*00247 

0*00041 

— 

2 

20.10.1901 i 
and 

21.10.1901 

Free ammonia i 
Albuminoid 
ammonia j 

1 0 *00231 
i 0 *00072 

i 

0-00S3? 

0-00059 

3 

i 

1 

■i 

20.12.1902 

21.12.1902 
and 

22.12.1902 

Free ammonia ! 
Albuminoid ' 
ammonia : 
Nitrites ; 

Nitrites and 
nitrates 
Total nitrogen 
(by addition) 

0*00276 

0 *00063 

Small reaction 

0 *00128 

0 *00467 

0*00082 

0*00230 

Small reaction, 
but greater. 
0*00131 

0*00443 
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Table V. — Showing the Assimilation of Ammoniacal Nitrogen, Forma- 
tion of Albuminoid Nitrogen, and the Results of Oentrifugalisation 
Experiments. 

Culture in Sterilised Sewage, containing no Oxidised Nitrogen. 
Started August 4, 1902. 




} 


Culture of Chlorella 
jpyrenoidosa. 

No. of 
analysis. 

Date of 
analysis. 

— 

Control. 

1 

Whole 

culture. 

Clear 

solution after 
centri- 
fugalisation. 




Per cent, 
nitrogen. 

Per cent, 
nitrogen. 

Per cent, 
nitrogen. 

1 

4.8.1902 

Pree ammonia 
Albuminoid 
ammonia 
Nitrites and 
nitrates 
Total nitrogen 
(by addition) 

0 '00261 

0' 00033 

0*00 

0-00284 

— 


' ^ 

9.10.1902 

Pree ammonia 
Albuminoid 
ammonia 
Nitrites and 
nitrates 
Total nitrogen 

0-00258 

0 00032 

.0-00 

0 '00290 

0 -00145 
0-00068* 

0-00 

0 -00213 

— 

3 

14.10.1902 
and 

15.10.1902 

Pree ammonia 
Albuminoid 
ammonia 
Nitrites and 
nitrates 
Total nitrogen 

0 -OOBSS 

0 -00029 

0-00 

0-00262 

0-00131 

0-00108 

0-00 

0 -00239 

0 -00115 

0 -00041 

0-00 

0-00166 

4 

4.11.1902 

Pree ammonia 

0 '00212 

0-00049 

0*00041 

5 

18.12.1902 

Pree ammonia 
Albuminoid 
ammonia 
Nitrites and 
nitrates 
Total nitrogen 

— 

0-00013 

0-00182 

0-00 

0 -00194 

0 -00012 
0-00068 

0-00 

0 -00070 


* Probably under estimated. 
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Tables VI (a) and (6). — Showing increased Nitrogen Assimilation 
when Glucose is present in the Culture Fluid, and the Eesult of 
Centrifugalisation Experiments, in the latter instance, both in the 
easenf Younger and Older Cultures. 


Table VI (a). — Culture in Solution “ A.” Started November 3, 1903. 


No. of analysis. 

Date of 
analysis. 


Control. 

Culture of 
Chlorella 
fyrenoidosa. 


Per cent, 
nitrogen. 

Per cent, 
nitrogen. 

,1 

3.11.1902 

Free ammonia 
Albuminoid 
ammonia 
Nitrites and 
nitrates 
Total nitrogen 
(by addition) 

0-00216 

0-00042 

0*00 

0 -00258 

— 

2 

21.11.1902 
and 

22.11.1902 

Free ammonia 
Albuminoid 
ammonia 
Nitrites and 
nitrates 
Total nitrogen 

0-00231 

0-00040 

0-00 

0 *00271 

0*00202 

0-00039 

0-00 

0 -00241 
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Table VI (J). — Culture in Solution “ A,” to which a small amount of 
Glucose had been added (about 0*25 per cent.). Started Novem- 
ber 3j 1902. 


No. of 
' analysis. 

Date 

of 

analysis. 

— 

Control. 

Culture of Chlorella 
ptfrenoidosa. 

Whole 

culture. 

Clear 

solution after 
centri- 
f ugalisation . 

Per cent, 
nitrogen. 

Per cent^ 
nitrogen* 

Per cent, 
nitrogen. 

1 

3.11.1902 

Free ammonia 

0 *00241 





Albuminoid 

0*00045 


< 



ammonia 






Nitrites and 

0*00 

— 




nitrates 






Total nitrogen 

0 *00286 





(by addition) 




2 

21.11.1902 

Free ammonia 


0-00046 




Albuminoid 


0*00122 




ammonia 

1 





Nitrites and 


0*00 

.... 



nitrates 


) 


♦ 


Total nitrogen 
(by addition) 


1 0*00168 














3 

24.11.1902 

Free ammonia 





and 

Albuminoid 


il;9 



25.11.1902 

ammonia 






Nitrites and 






nitrates 






Total nitrogen 

g 8 



4 

22.12.1902 

Free ammonia 

.P CO 

■ 0 -00034 

0 *00032 



Albuminoid 

•a 

0-00160 

0-000B8 



ammonia 

P 





Nitrites and 



0*00 



nitrates 






Total nitrogen 


0*00194 

0 *00090 
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Tables VII {a) and (h ), — Showing increased Nitrogen Assimilation 
when Glucose is present in the Culture Liquid, and the Eesult of 
Centrifugalisation Experiments in the latter case. 


Table VII {a ), — Culture in Solution “ A.” Started August 5, 1902. 


No. of analysis. 

Date of 
analysis. 


Control. 

Culture of 
Chlorella 
^yrenoiAosa, 


Per cent, 
nitrogen. 

Per cent, 
nitrogen. 

1 

5.8.1902. 

Tree ammonia 
'Albuminoid 
ammonia 
Nitrites and 1 
nitrates 
Total nitrogen 
(by addition) 

0 -00268 

0 -00012 (.P) 

0-00 

0 -00280 

— 

2 

19.11.1902. 

Tree ammonia 
Albuminoid 
ammonia 
Nitrites and 
nitrates 
Total nitrogen 

0-00221 

0 -00089 ' 

0-00 

0-00260 

0-00166 , 
0-00091 

0-00 

0-0025? 
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Table VII (5).— Culture in Solution “ A,” to which a small amount o: 
Glucose had been added (about 0*26 per cent.). Started August 5 
1902. 






Culture of Chlorella 
pyrenoidom* 

No. of 
analysis. 

Late 

of 

analysis. 

— 

Control. 

Whole 

culture. 

Clear 

liquid after 
centri- 
fugalisation. 




Per cent, 
nitrogen. 

Per cent, 
nitrogen. 

Per cent, 
nitrogen. 

1 

5.8.1902 

! 

Free ammonia 
Albuminoid 
ammonia 
Nitrites and 
nitrates 
Total nitrogen 

0 *00264 

0 *00016 (?) 

0*00 

0 *00269 


— 

2 

23.10.1902 

Free ammonia 
Albuminoid 
ammonia 
Nitrites and 
nitrates 
Total nitrogen 

0*00231 

0*00022 

0*00 

0*00253 

0-00070 

0 -00141 

0-00 

0 -00211 

— 

3 

20.10.1902 

Free ammonia 
Albuminoid 
ammonia 
Nitrites and 
nitrates 
Total nitrogen 

0 *00210 

0 *00034 

0*00 

0*00244 

0 *00074 

0 *00166 

0*00 

0*00240 

0 *00063 
0*00081 

0*00 

0*00144 


General Conclusions, 

It appears to be generally true that most plants containing chloro- 
phyll prefer the nitrogen of their food in the form of nitrates. On the 
other hand, many observers have shown that certain plants cati 
assimilate nitrogen in the form of ammonia, and in fact prefer it. Of 
these latter experiments, many were not performed with the precautions 
necessary to prevent the access of bacteria {e,g,, nitrifying organisms), 
and hence must be considered inconclusive. Some, on the contrary, 
were most carefully carried out with every precaution, and among 
these may be mentioned those of Kriiger,* who showed that his Ohio- 
rella jprotothecoides and Ghlorothedum saccharqphilum (two algse nearly 
allied to Chlorella pgrenoidosa) could both assimilate their nitrogen 
* Zopf’s * Beitrage z. Pliys. u. Morph. Bfied. Org.,’ Leipzig, 18^4, toI. 4, p, 116. 
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when offered in the form of ammonium salts, while the latter alone 
could assimilate nitrate nitrogen. Artari,* working with the gonidia 
of two lichens, isolated in pure culture, showed that, after peptone, 
asparagine and ammonium sulphate were the useful sources of nitrogen 
for these algae, and other observerst have made equally careful experi- 
ments in the case of some of the higher plants, and have shown that 
not only simple ammonium salts, but also compound ammonias, such 
as methylamine, ethylamine, can readily be assimilated. 

From a physiological point of view Chlorella fyrenoidosa must be 
included in this second class, for it has been shown, as the result of 
quantitative as well as qualitative experiments, that this alga prefers 
its nitrogen to be presented to it in the form of ammonia or ammo- 
niacal compounds. Among the latter urea, uric acid, &e., rank high 
in nutritive value. 

It would also appear from the foregoing chemical experiments that 
this ammonia, after being absorbed by the cell, is elaborated into 
•albuminoid ammonia, J a term used to describe certain nitrogenous 
bodies of ammoniacal nature, which yield ammonia when boiled 
with alkaline permanganate of potash ; in fact, almost all the 
nitrogen assimilated would appear to remain in this comparatively 
simple form. This nitrogen, for example, is more easy of attack than 
that contained in uric acid. These elaborated nitrogenous compounds 
appear to be retained wholly within the cell body, but under certain 
conditions, only observed in the case of “ older ” cultures, they seem 
to escape from the cell, and can be traced free in the liquid. 

The presence of glucose in a culture liquid frees the alga from the 
necessity it would otherwise experience of manufacturing carbohydrate 
for itself. The algal cell, being thus relieved of a certain part of its 
ordinary work, appears to be enabled to reproduce itself much faster, 
and its nitrogen assimilation is also much increased, though, owing 
to the increased multiplication of cells, it would be impossible to say 
that the nitrogen assimilation per cell was increased. The chlorophyll 
body of the cell, at the same time, gives evidence that its function has 
been interfered with by a most striking change in form and in the 
amount of chlorophyll. It is distinctly noteworthy that neither cane- 
sugar* nor lactose can be substituted for glucose in this connection. 

The effect of glucose in causing a definite change in the chlorophyll 
body, and in generally stimulating growth, would not appear to be an 
isolated fact. It has been shown by other observers in the case of thi*ee 
green algae (Ohlorothecium saccharopMlum, Ohloi^ella protothecoides^ SUduh 
coccus hacillaris), upon whose nutrition the effect of glucose was 

^ ‘ Bull. d. 1. Soc. Imp. des I^at. de Moscou/ 1899, p. 39. 

t Laurent, * Ann. de I’lnst. Past.,’ vol. 3, 1899 ; Lutz, * Comptes Bendus,’ 
vol. 126, p. 1227. 

t Wan]jlyn, ‘ OJiem. Soc. Journ.,’ 1867, p. 69. 
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studied in pure culture, that there was a marked increase in growth 
when this carbohydrate was added to their culture medium, though 
no quantitative experiments were made to measure any difference in 
assimilation. 

The general features of the assimilation of nitrogen, on the other 
hand, and its subsequent history displayed by Ghlorella pyrenoidobaj 
may be a specialised characteristic of this plant, having reference to- 
its continual occurrence, in nature, in waters which contain a compara- 
tively large amount of ammonia, notably in sewage and sewage- 
polluted waters. It is, however, impossible to express a definite 
opinion upon this point until the nitrogen assimilation of a series of 
many other plants has been studied in a similar manner. 

DESCRIPTION OR PLATE 8- 

Fig. 1. — Culture on nutrient agar (1 month). 

„ 2. — Culture on glucose nutrient agar (1 month). 

„ 3. — Cells from a culture on nutrient agar of 10 wcelcs. 

„ 4. — Cells from a culture on glucose agar of 3 weeks. 

„ 5. — Cells dxTiding, from a culture on nutrient agar of 10 'weeks. 
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“On Lagenostoma Lomaxi^ the Seed of Lyginodendronr By 
W. Oliver, D.Sc., F.L.S., and D. H. Scott, MA., Ph.D., 
F.RS. Eeceived March 19, — Eead May 7, 1903. 

The existence in Palaeozoic times of a group of plants (the Cycado- 
filices of Potoni4) combining certain characters of Ferns and GymiK)- 
sperms, has been recognised for some years past by various palaeo- 
botanists.* * * § The group in question embraces a number of genera, 
among which Medullosa, Eetemngiumy Calamopitys and Lyginodendrm 
may be mentioned; the fern-like foliage of these plants is placed 
according to its external characters in the form-genera Aletlioi^tens^ 
Neuropteris^ Sphenopteris, and others. 

The evidence for the intermediate position of the Cycadofilices is 
extremely strong, but at present it is drawn entirely from a detailed 
comparison of their vegetative organs, especially as regards their 
anatomical characters. In no case, as yet, is the fructification of any 
member of the group known with certainty ; such indications as have 
hitherto been detected are still in need of corroboration. Thus, the* 
suggestion has been made that the large seed, Trigonooarpon olwmforme^ 
may have belonged to some member of the genus Medullosa ;t and in 
the case of Lyginodendron itself there is fairly strong reason to believe 
that} one form of fructification (in the light of the observations to be 
described below, presumably the male) may have been of the Galym- 
matotheca type,3: a type, however, of which the organisation is not yet 
fully understood. In the absence of satisfactory data as to the fructi- 
fication, so high, an authority as M. Zeiller has expressed a doubt 
whether the Cycadofilices were, after all, anything more than a 
specialised group of Ferns.§ 

A re-examination of the seeds, placed by Williamson in his genus 
La^genoBtorm, has revealed unexpected points of agreement between the 
structure of the envelopes of certain of these seeds, on the one hand„ 
and that of the vegetative organs of Lyginodendrm on the other. 

Two species of Lagenostoma {L, ovoides and L, physoides) were 

* Williamson, “Organisation of the Fossil Hants of the Coal-measures, Part 
XIII,” * Phil. Trans.,’ B, toI, 178, p. 299 ; 1887 ; Sohns-Lanbaeh, ‘ Fossil Botany,? 
1887, Engl, ed., pp. 141 and 163 ; Williamson and Scott, “ Further Observations on 
the Organisation of the Fossil Plants of the Coal-measures, Part III,” ‘Phil. 
Trans.,’ B, vol. 186, p. 769, 1896 ,* Potoni6, ‘ Lehrbnch der Pflanzenpalasontologie,’ 
p. 160, 1899; Scott, * Studies in Fossil Botany,’ pp. 307 and 514, 1900. 

t Q-. Wild, On Trigonocarjpon oUvc^orme,^’ ‘ Manchester G-eol. Soc. Trans.,’ 
vol. 26, p. 434, 1900. 

J Scott, ‘ Studies ’ p. 334; Miss Benson, “ The Fructification of Lyginodendron 
OldJiamiumt' ‘ Ann. of Bot.,’ vol. 16, p. 575, 1902. ’* 

§ ‘ Zeiller, ‘ Elements de Paleobotanique,’ 1900, p. 370. 
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described by Williamson;* a third species, the subject of the present 
note, was left undescribed by him, though in his MS. catalogue he 
named it, after its discoverer, Lagenosfoma Lomaxi^ a name which we 
here provisionally adopt. This seed occurs in calcareous nodules of 
the lower Coal-measures, and chiefly at Dulesgate, in Lancashire. 

In general structure the seed L. Lomaxi agrees with L, ovoides. 

It is an orthotropous seed, circular in transverse section, and 
broadest midway between base and apex. The height of the seed 
slightly exceeds the diameter, and in general form it may be com- 
pared with a Jaffa orange. Its height in full-sized specimens is about 

mm., the diameter at the equator 4 J mm. Many of the specimens 
that have passed through our hands show signs of having become 
detached through the agency of a layer of separation and bear a low 
conical papilla centrally placed at the ehalazal end, beneath which the 
actual layer of abscission was situated. 

In the most general relations of its organisation the seed approaches 
the Gymnosperm type in that the integument and nucellus are distinct 
from one another in the apical region only, whilst the body of the 
seed, which contains the large single macrospore with traces of pro- 
thallial tissue, shows complete fusion of the integumental and nucellar 
tissues. But in other respects the seed is remarkable. The free 
portion of the nucellus which stands above the macrospore is conical 
in form; its base is about 0*75 mm. across, and its height some- 
what greater. The tapering apex reaches to the exterior, plugging 
the micropylar aperture like a cork. The whole of this structure, 
the “ lagenostome ” of Williamson, constitutes a pollen-chamber, 
owing to the separation of the nucellar epidermis from the underlying 
parenchymatous body of the free part of the nucellus. The pollen- 
chamber thus has the form of a bell-shaped cleft situated between the 
persistent epidermis and the central cone of nucellar tissue. Access 
to the chamber is gained at the apex, which is open, and pollen- 
grains are found in its lower part. The integument, which is a simple 
shell where fused with the nucellus, becomes massive and complicated 
in its free part, which corresponds to the upper fifth of the seed. In this 
region it is usually composed of nine chambers radially disposed around 
the micropyle. The existence of these chambers is indicated on the 
outside surface of the seed by the presence of nine little ridges dis- 
posed like the rays of a star aroimd the micropyle, but dying out 
almost at once. These ridges over-lie the partitions of the chambered 
portion of the integument just as do the stigmatic bands the septa of 
a poppy capsule. The whole structure from within is like a fluted 
dome or canopy, the convexities of which correspond to the chambers, 

* Organisation,” Part Till, * Phil. Trans.,* vol. 167, p. 233, figs. 53—75 and 
77—79, 1877 r Part X, * Phil. Trans,,* Part II, 1880, p. 517, figs. 61 — 63. See 
Oliver, ‘Kev? Phytologist,’ rol. 1, p, 145, 1902. 
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and actually engage with broad low grooves on the surface of the wall 
of the pollen-chamber. 

The vascular system of the seed enters as a single supply-bundle at 
the chalazal papilla, and branches, a little below the base of the macro- 
spore, into nine radially-running bundles. Each of these bundles 
passes, without further branching, to the apex of the seed, running 
outside the macrospore and a little distance below the smface. At 
the canopy the bundles enter the chambers and end at the tips. 

LagenoBtorm Lomaxi was thus a seed or seed-like structure, detached 
as a whole and containing pollen-grains in the remarlcable cleft-like 
pollen-chamber ; the integument in its free parr, when compared with 
that of Williamson^s Lagenostoma physoides^ suggests a number of 
originally free arms or processes that have become laterally fused into 
a complex, chambered organ. 

The seed, L. Lomaxi, is in some cases still attached to its pedicel ;* 
the great peculiarity of this seed, as compared with other members of 
the genus, is that when young, and sometimes even at maturity, it is 
found enclosed in an envelope or cupule, springing from the pedicel 
just below the base of the seed, and extending above the micropyle — 
at least in young specimens. The cupule appears to have been ribbed 
below, and deeply lobed in its upper part ; in form it may be roughly 
conip^J'red to the husk* of a hazel-nut — of course on a very small scale. 

The pedicel and cupule bear numerous capitate glands, of which 
some are practically sessile, others shortly stalked, while in others 
again the stalk is of considerable length. The head, or secreting 
portion of the gland, Which is spherical in form, is almost invariably 
empty, only the multicellular wall persisting. The tissue of the stalk 
of the gland, consisting of many layers of cells, is preserved, though 
in a somewhat disorganised state. 

These cupular glands present the closest agreement in size, form, 
and structure with the glands which occur on the vegetative organs 
of Lyginodendron Oldhamium,^ and which are especially abundant on 
the particular form of that plant found in association with Lagenos- 
toma LomaxL Both on petiole and cupule the majority of the glands 
are short, those which are not sessile being commonly about 0*4 mm. in 
height. Long-stalked glands, exceeding a millimetre in height, some- 
times occur both on the vegetative organs and on the cupule. The 
dimensions of the head of the gland agree exactly on cupule and 
petiole, the diameter averaging about 0*2 mm. in each case. In both 
the stalk is usually somewhat narrower than the head, except at the 
base, where it is often considerably enlarged. On the stem, as might 

* Cf. WilliamBon, loo. cit., Pait VIII, fig. 68 (X. ovoides). 

t It lias long been realised that the name Lyginodendron Oldhamium charac- 
terises a type rather than a species. It is probable that the very glandular form 
occurring at Dulesgate may deserve specific rank. 
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be expected, tbe glands are usually somewhat larger than on petiole 
or cupule. 

As a rule, the structure of the glands on the vegetative organs is 
well preserved, the secretory tissue in the head being perfect. But 
occasionally the vegetative glands are found in the same state of 
preservation as those on the cupule, with the head hollow, owing to 
disappearance of the secretory mass. Where we thus have the two 
organs in a corresponding state of preservation, the agreement between 
the vegetative glands of Lyginodendron and those on the cupule of 
Lagenostoma Lomaxi is found to be exact. 

There is no other known plant from the Coal-measures with glands 
at all similar to those described, nor is it likely that any unknown 
Gymnosperm should so exactly resemble Lyginodendron in these chara|2- 
ters. On the ground, then, of the glandular structure we are led to 
the conclusion that the seed Lagenostoma Lomaxi can have belonged to 
no other plant than Lyginodendron Oldhamium>, and more particularly to 
the glandular form of that type with which the seed is associated. 

The state of preservation of the glands and of the cupule as a 
whole, indicates clearly that this organ, as we find it, was in an effete 
condition, having, no doubt, already discharged its functions while the 
seed which it protected was still quite young. 

The vascular system of the cupule was w511 developed, and is very 
fairly preserved. A number of bundles branched off from the main 
strand of the pedicel, and traversed the cupule throughout its whole 
extent. The structure of the large bundle, seen in the pedicel, agrees 
with that of a petiolar strand in Lyginodendron. The minute charac- 
ters of the tracheides are also in close agreement with those observed 
in the xylem of the foliar organs of the same plant. 

Hence, characters presented by the internal anatomical structure 
strengthen the conclusion drawn from a comparison of the glands, and 
thus further support the attribution of Lagenostoma Lomaxi to Lygino- 
dendron. 

The evidence thus indicates that in a transitional type, such as 
Lyginodendron Oldhamium, with leaves wholly fern-like in structure and 
form, but with decided Oycadean as well as Filicinean characters in the 
anatomy of stem and root, the seed habit had already been fully 
attained, as fully, at any rate, as in any known Palaeozoic Gymnosperm. 
Lyginodendron retains, so far at least as its vegetative structure is 
concerned, the intermediate position already assigned to' it, but, whereas 
the fern-like characters have hitherto seemed to preponderate, the 
discovery of the seed inclines the balance strongly on the Gymno- 
spermous side. It is not likely that Lyginodendron stood alone in this ; 
we must now be prepared to find, what has long been recognised as a 
possibility, that many of the plants grouped under Cycadofilices 
already possessed seeds, and thus that a considerable proportion of the 
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so-called “ fern-fronds ’’ of the Palaeobotanist really belonged to Sper- 
mophyta. It is at present impossible to say at what stage in the 
evolution of the Fern-Oycad phylum, the great change in reproductive 
methods came, whether it followed in the wake of general anatomical 
advance, or vice mrsL The discovery of further evidence as to the 
reproductive processes of these ancient plants may be expected to 
yield interesting results. 

The authors are much indebted to Miss Marie Stopes for her 
valuable aid in the examination of the numerous sections in the 
Williamson and various other Collections. 

Mr. James Lomax deserves high praise for his good judgment and 
skill in collecting and preparing the material for the investigation. 

A full account of the fossils dealt with in the present note is in 
preparation, and will shortly be submitted to the Eoyal Society, 


On the Physiological Action of the Poison of the Hydrophidse.” 
By Leonard Eogers, M.D., B.S. (Lond.), M.RaP., F.R.O.S., 
lately officiating Professor of Pathology, Medical College, 
Calcutta. Communicated by Major A. Alcock, F.RS. Ee- 
ceived March 31,‘— Eead May 7, 1903. 

It has long been known that the great group of the Hydrophidse, or 
Searsnakes, are poisonous, and cases of death produced by their bites 
have been recorded, for example, that in Sir Joseph Fayrer's work on 
the Poisonous Snakes of India, of the ship’s captain bitten while 
bathing in the Bay of Bengal, with a fatal result. The fishermen on 
this coast are also well aware of the danger of the bites of these reptiles, 
and take such good care to avoid them, that deaths among them are 
quite uncommon as far as I can ascertain. Deaths, however, not very 
rarely occur among those employed in oyster fisheries in shallow water 
in some places on the Madras coast, owing to snakes being trodden on, 
so that a study of the nature of the poison of this class of snakes has a 
practical as well as a scientific side, and, as far as I can gather from the 
literature of the subject obtainable in Calcutta, it has not yet received 
much attention. During the last year I have been investigating the 
subject, and although the amount of poison I have been able to obtain 
has been very small, yet it has sufficed to allow of certain definite 
results being obtained, which will be summarised in the following 
paper. 

The Collection of the Poison. 

The Hydrophidse are met with in large numbers all round the 
coasts of the Indian peninsula, and have been specially studied at 
Puri on the east coast in Orrisa. It was at this place that I obtained 
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my specimens, which are caught by the fishermen in their nets during 
the calm cold-weather months with a frequency which is in propor- 
tion to the number of fish taken. By small payments they were 
induced to bring them to a tank which I had constructed near the 
beach, in which they usually only lived a few days, although some 
survived several weeks. By making them bite on a watch-glass 
covered with a thin layer of guttapercha tissue stretched tightly across 
it, they eject the poison into the glass as clear drops free from all 
saliva. This is then dried over calcium chloride or strong sulphuric 
acid, and can then be kept indefinitely in dry well-corked glass tubes, 
without losing its potency. The snake which is met with in greatest 
abundance in Puri is the Enhydrim Bengalensis, measuring from three 
to five feet in length, and it has a thick body and a large head. This 
species also furnishes the largest amount of poison, and from this alone 
have I yet been able to obtain a sufficient quantity to allow of a con- 
siderable number of experiments being performed with it. That of 
four other species, belonging to three different genera, has also been 
obtained in small quantities, so that four out of the six genera of 
Indian Hydrophidae have now been examined, and will be dealt with. 

Appearance and Quantity Ejected, 

When the clear watery drop of poison is dried, it forms w'hite 
shining scales, freely soluble in water or normal salt solutions, and 
differing from the poisons of Cobra and Daboia by the absence of the 
yellow tinge' of the latter. The only exception I have met with was a 
faint yellow tinge in the dried poison of a Disteira cyanocincta, the 
others having all been colourless. 

The quantity of poison ejected at a single bite is of great import- 
ance in relationship to the deadliness of these snakes, and fortunately 
it is very small. In many of the smaller species it is often impossible 
to get a drop at all, but probably when free in the water they can eject 
more poison than when being held close behind the head, with conse- 
quent great limitations of their power of motion. The amount of 
dried poison obtained from a single bite of thirteen different fresh 
specimens of the Enhydrina was weighed, and the average quantity 
was found to be 0*0094 gramme, or almost one centigramme. This is 
very much less than that obtainable from a Cobra or a Daboia, for the 
average amount of poison (dried) obtained from a Cobra is, according 
to D. D. Cunningham, 0*254 gramme, or twenty-five times as much as 
is obtained from an Enhydrina. In fact, so small is the amount, that 
at the end of a season I had only been able to obtain about one-third 
of a gramme of the latter poison, and for most of which I am greatly 
indebted to Dr. Eeid of Puri. The poison also appears to be slowly 
formed, as a week after a snake had been made to bite, it is usually 
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impossible to get any further poison from it, even if it bite vigorously. 
Yet if made to bite a small fish immediately after ejecting his poison, 
the bite is fatal in a short time, showing how fatal a trace of it is. 
The largest amount of poison obtained at a single bite was 0*023 
gramme. The other species mostly gave a smaller quantity than the 
Enhydrina. 


Effect of Heat on the Poison, 

On boiling a dilute solution of the poison, it becomes slightly 
opalescent. After being boiled for 15 seconds, two minimal lethal 
doses were recovered from, after slight symptoms had appeared, but 
four minimal lethal doses proved fatal in a somewhat longer time than 
with unheated poisons. After boiling for one minute, four minimal 
lethal doses were recovered from after only slight symptoms. Thus 
the poison is readily destroyed by boiling for a short time, but merely 
bringing it to the boiling point does not materially affect its strength. 
Some similar experiments with Cobra poison show that the latter is 
slightly more resistent to heat than is that of the Enhydrina. 

Synvptonis Prodtmd by the Poison, 

The following symptoms are common to all the species yet tested, 
no, differences having been met with, except with regard to the exact 
amount of the minimal lethal doses in different animals, which will be 
dealt with presently. Briefly, the symptoms produced by the poison 
of the Hydrophidsc may be said to be identical with those caused by 
cobra venom, with one very important exception, namely, that the 
former venom has no appreciable action on the blood, which is a 
marked feature of cobra toxin. In the case of warm-blooded animals, 
such as rabbits, rats or birds, the symptoms produced by sea-snake 
poisons are as follows. When minimal lethal, or slightly supra- 
minimal lethal doses are given subcutaneously, there is always a long 
period before any symptoms of poisoning occur, the time varying in 
accordance with the dose from half an hoiu* to several hours, in which 
respect it resembles Cobra, and differs markedly from Daboia venom. 
If large doses are given, the symptoms set in much earlier, and in 
that case death rapidly results. The symptoms are best studied by 
the use of small doses, when the first thing noticed is that the animal 
remains quietly in one position, and soon begins to show signs of 
drowsiness, closing its eyes at intervals. Next it begins to nod its 
head, but every now and then appears to wake up again and opens its 
eyes. In the case of birds — in which the symptoms can be best seen — 
the subject of the experiment next sits down on the floor of the cage, 
and although it can be made to stand up if disturbed, yet there is now 
evident commencing muscular weakness, and it can only walk "with an 
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unsteady gait. By the time this stage is reached, it will be found that 
the animal is breathing more deeply than normal, while the number of 
respirations is also increased to a variable, but often considerable, 
degree. From this time the picture is one of progressive paralysis, 
affecting all the muscles of the body, and ending with respiratory con- 
vulsions. The animal nods more and more deeply, until the nose or 
beak touches the floor of the cage, only to be raised again with a 
jerky motion. It is now unable to stand upright, and the eyes remain 
closed. The respirations are now very deep and laboured, and in case 
of birds, the beak is half open, and gaping takes place with every in- 
spiration, while the head is more and more lowered until its vertex 
instead of the beak rests on the floor, and the animal is unable to raise 
its head. Very soon after this stage of paralysis is reached, convul- 
•sions set in, and the respirations immediately fall very greatly in 
frequency, while they remain deep in character, although less regularly 
-so than before, some being shallow, so that Cheyne-Stokes breathing 
is somewhat simulated. The convulsions recur, and soon respiration 
entirely ceases, but the heart continues beating for some time, 
usually two or three minutes in the case of warm-blooded animals, 
after the breathing has entirely ceased. When the convulsions com- 
mence, the animal rolls over on its side in a state of nearly complete 
paralysis. Every word of the above description of the symptoms pro- 
duced by the poison of the Hydrophida3 is equally true of Cobra 
poisoning, so much so that if two animals are severally given minimal 
lethal doses of these two poisons, it is impossible to distinguish which 
animal has received which poison by the clinical symptoms produced, 
a fact which I have repeatedly demonstrated. 

Post moiiem, after death from the poison of the Hydrophidse, there 
is little or nothing noteworthy found. The seat of injection is free 
from extravasation of blood, and presents little or no serous effu- 
sion. The blood is of a dark colour, no doubt due to the respiratory 
paralysis. It is fluid on opening the heart, ])ut rapidly clots when 
placed in a small test-tube, doubtless owing to tlfe large amount of 
CO 2 gas in it. On standing it exudes serum, which is usually clear, 
but may be very slightly blood-stained, although very much less so 
than in the case of Cobra-poisoning under the same circumstances. 
There is no intravascular clotting to be found post mortem in the portal 
or other veins, as 0. J. Martin first demonstrated in Pseudechis 
poisoning, and as occurs in acute Daboia poisoning as recently shown 
by Lamb. No other naked-eye changes have been found after death 
from sea-snake poisons. 

In the case of cold-blooded animals, such as fish, which have fre- 
quently been used in these experiments, the symptoms are essentially 
the same in kind as in warm-blooded animals, although less easy to 
observe. After small doses there is the same long latent period, often 
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lasting for several hours. Sometimes temporary excitement with 
rapid motion may be observed for a short time, but more often the 
picture is simply one of slowly progressing paralysis. In most kinds 
of fish this is also very well shown by a gradually increasing difficulty 
in maintaining the upright position, the fish slowly turning over on 
one side and then swimming up into its upright position again, only 
to slowly sink on to its side once more. The i^espirations will now 
be found to be deeper than normal, although not as a rule quicker, 
but, on the contrary, they steadily slow down from the beginning of 
the symptoms to the end without any marked increase in the rate. 
This paralysis* of all the muscles and of the respirations steadily 
progresses until convulsions set in, to be immediately followed by a 
very rapid failure of the respirations both in number and depth, so 
that they become difficult to detect, and death soon follows. The 
heart will be found beating some time after the breathing has ceased, 
and no extravasation of blood or other noteworthy change is found 
post rmrtem. Here again the symptoms are precisely similar in 
poisoning of fish by Cobra venom. 


The Potency of the Poison. 

By working out the smallest fatal doses of the poison per kilogramme 
of weight in different animals, and comparing them with those obtained 
by former workers for other snake venoms, we shall be able to esti- 
mate the potency of that now being dealt with. This has been done 
in the case of the poison of the Enhydrina by means of numerous 
experiments carried out with the mixed 'dried venom of a number of 
these snakes, with the following results. At the same time com- 
parative experiments were also carried out with fresh dried Cobra 
venom for comparative purposes. White rats were first tested, and 
0‘07 milligramme per kilo weight was found to prove fatal, but 
smaller doses were sometimes recovered from. In the case of Cobra 
poison 0*5 milli^amme per kilo was necessary to produce death, 
while Lamb in Bombay found the fatal dose of this poison for rats 
to be 0*33 milligramme. It is evident then that the poison of the 
Enhydrina is several times as potent as is Cobra venom on rats. 
In the case of rabbits only a few experiments have been performed, 
but 0*04 milligramme per kilo proved fatal in under four hours in 
one case, while in another 0*01 milligramme per kilo produced no 
symptoms but loss of appetite ; but on giving a second dose of 
0*02 milligramme per kilo five days later (the animal having fully 
recovered from the first dose in one day), death resulted in a few 
hours. On the other hand, Elliot found the minimal lethal dose 
of Cobra venom for rabbits to be 0*7 milligramme per kilo weight, 
so that it is evident that these animals are many times as suscep- 
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tible to the poison of Enhydrina as to that of Cobra, the former 
poison being some twenty times as potent for them as the latter — 
a remarkable difference. 

A larger number of experiments have heen carried out with 
birds, pigeons and fowls. These also bear out the former ones in 
proving the far greater potency of the poison of the Enhydrina 
over that of the Cobra or other poisonous snake yet examined. In 
the case of pigeons the minimal lethal dose, 0*05 milligramme per 
kilogramme, always proves fatal, while in fowls the fatal dose is 0*04. 
These figures may be compared with those obtained by D. D. Cun- 
ningham in his numerous experiments with Cobra venom on fowls, 
for which he found the minimal lethal dose to be 0*5 milligramme 
per kilo, so that the poison of the Enhydrina for birds is at least ten 
times as potent as is Cobra venom, which goes far towards neutralising 
the effect of the much smaller dose of poison ejected by the Enhy- 
drina as compared with the Cobra. Taking the minimal lethal dose of 
the Enhydrina for warm-blooded animals as 0*05 milligramme per kilo, 
the fatal dose for an average man of 70 kilogrammes would be 
3*5 milligrammes, or about one-third of the average amount of venom 
ejected by a fresh full-grown specimen of this, by far the most com- 
monly met with, kind of snake in the Bay of Bengal. There is good 
ground, then, for the belief in the deadliness of the Hydrophidse. 

The Mimmal Lethal Dose for Fish. 

It is well known that it is necessary to give many times as large a 
dose of Cobra venom, irl proportion to the weight of the animal, in 
order to kill cold-blooded animals as is required for destroying the life 
of warm-blooded animals. Now there is no doubt that the Enhydrina 
live on fish, and I have been able to ascertain that they can swallow 
those of considerable size. One specimen of Enhydrina after being 
handled in the process of taking poison vomited a piece of half- 
digested fish, which on comparison with complete ffch of the same kind 
was found to have certainly been a foot or more in length, while it 
was over 2 inches in depth. Such a fish could not have been swallowed 
if it had not first been Idlled, or at least paralysed to a marked 
degree. It is of interest, then, to ascertain the minimal lethal dose of 
these snakes against fish, and to compare it with that of the Cobra. 
As I have not been able to find accurate records of the efifect of 
Cobra venom on fish, I have also ascertained this by a series of 
experiments, using tjie hardy Mud-fish {Saccdbmnclms fossilis), which 
lives for weeks in a small vessel of water. It was found that 
25 milligrammes per kilo of Cobra venom had to be given to be 
certain of causing death, although sometimes a slightly smaller dose 
was effective. Thus fifty times as much Cobra venom is required to 
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kill a fish, as is sufficient to kill a warm-hlooded animal — a very marked 
difference. On testing the same species of fish with the poison of the 
Enhydrina, it was found that 0*5 milligramme per kilo of freshly dis- 
solved poison was always fatal, and sometimes a smaller dose caused 
death. Thus the dose of this sea-snake poison required to kill fish 
was hut ten times as much as the minimal fatal dose for warm-blooded 
animals, that is, considerably less than we found to be the case with 
Cobra poison. In other words, the poison of the Enhydrina is much 
more deadly than is Cobra venom for fish, even allowing for the 
greater potency of the former for warm-blooded animals, so that it 
appears to be specially adapted for the needs of the Sea-snake, which 
lives on fish, being in all about fifty times as potent for fish as is dobra 
venom. This great concentration of the poison may be of considerable 
advantage to the reptile when dealing with such active prey as fish in 
their own element. This special affinity of the poison for fish was even 
more marked in the case of some of the other species tested. Thus, 
that of a single species of the Pisteim cyanocincta was fat£j,l to pigeons 
in doses of 0*5 milligramme per kilo, being thus considerably weaker 
than that of the Enhydrina, but only 1 milligramme per kilo was 
required to kill fish, that is but twice as much as was needed to kill 
birds. Similarly with the Pisteira vijperim the minimal lethal dose for 
pigeons was 0*5 milligramme, and for fish only 0*75, or but very little 
more. Again, the poison of the Hydro^phis cantons for both pigeons 
and fish was just the same as the last-mentioned species. Lastly, the 
poison of the Hydrns platums killed pigeons in doses of 0*075 and fish 
in one of 0*25 milligramme per kilo, being thus very deadly for both 
cold and warm blooded animals. The above include four out of 
the six genera of Hydrophidse found in Indian waters, so that, 
although the poison obtained from the last four species was from 
single specimens, and therefore cannot be taken as more than approxi- 
mately accurate, yet they suffice to prove that the Hydrophidse as a 
class secrete very virulent poisons, which are specially poisonous to 
fish. It is also wcffthy of note that the two genera which proved to 
be most deadly to warm-blooded animals, namely, the Enhydrina and 
the Hydrus platurus, are just the two which the fishermen at Puri 
said were the most dangerous ones, as the accuracy of their statement 
points to actual experience in the human subject of their deadliness 
having been handed down among them. Some of the smaller species, 
however, probably do not eject sufficient poison to prove fatal,, 
to adults at any rate, and hence are not so much dreaded by the 
fishermen. It will also be observed that the poison of the Enhydrina 
Bengalensis is the most potent of those so far tested, while it also yields, 
the greatest amount of poison, with the exception, perhaps, of the 
Pisteira cyanocincta. 
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Effect of the Poison on other Gold-blooded Animals, 

I have not yet been able to test any extensive series of other cold- 
blooded animals to see if they are equally susceptible to the poison of 
the Hydrophidse as fish are,, but in one instance a frog weighing 
■30 grammes was injected with a dose of 0*2 milligramme per kilo, 
with the result that it showed well-marked symptoms of paralysis, but 
eventually recovered, so that it would appear to have been about as 
susceptible as fish. Some harmless snakes were injected with note- 
worthy results. Thus, two specimens of the Coluber fasciolatics were 
injected with doses of 10 and 50 grammes per kilo respectively, with 
the poison of the Enhydrina, with no ill effect, and the former received 
a second dose of 50 milligrammes per kilo three days after the smaller 
dose, equally without eifect. Here we have a harmless colubrine snake 
withstanding 100 times the fatal dose for a fish and 1000 times that 
for a warm-blooded animal. Further, two specimens of the harmless 
gi‘een Whip-snake (JDryoffiis mycterimns) were tested, but in this species 
25 milligrammes per kilo in one instance, and 15 in the other, each 
produced death in less than two hours, so that a smaller dose would 
nearly certainly have been fatal. This opens up a large question 
which must await further investigation. 

The Physiological Action of the Poison on the Blood, 

The striking similarity of the symptoms produced by the poison of 
the Hydrophidse and by Cobra venom leads one to expect a similarity 
of action on the blood. The researches of Cunningham have shown 
that Cobra poison has a very marked power of dissolving the red 
corpuscles of the blood and also in reducing its coagulability, and, 
-contrary to the views of Lauder Brunton and Fayrer, he holds that} 
these blood changes are the essential features of the action of the 
poison, and not its action on the nervous system, as held by the latter 
authors. Experiments have been carried out to test the effect of the 
poison of the Hydrophidse on the blood, with unexpected and im- 
portant results. Taking first the poison of the Enhydrina, with which 
most of the observations have been made, and remembering that it is 
ten times as potent for warm-blooded animals as is Cobra venom, we 
may compare the action of the two poisons in dissolving the red cor- 
puscles of the warm-blooded animals, the blood of pigeons and of the 
human species having been used in the experiments. The method of 
mixing the poison in different degrees of dilution with a minute 
measured drop of blood, and counting the number of corpuscles with a 
hsemocytometer before, and at varying periods after, the addition of the 
venom was adopted. The poisons were always dissolved in isotonic 
■salt solutions, and equal quantities of blood in the same salt solution, 
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but without the addition of the venom, used as controls. These control 
solutions showed no dissolution of the red corpuscles after twenty- 
four hours. From 5 to 10 cubic centigrammes of blood were added 
to from to 1 c.c. of the isotonic solution of the poison, varying 
strengths of the latter being tested in this way. Pigeon's blood is 
specially well suited for these experiments, as the bodies of the 
corpuscles are dissolved while the nuclei remain visible. It was found 
that a l-imlOOG solution of Cobra venom (1 milligramme in 1 c.c.) 
produced a very rapid solution of the red corpuscles, which had all dis- 
appeared in seven minutes. A l-in-20,000 solution took a much longer 
time to produce complete dissolution, namely two and a half hours. 
In the case of human blood a 1-in-l 0,000 solution of cobra venom dis- 
solved the whole of the red corpuscles in from fifteen to thirty 
minutes, while one of a strength of 1 in 20,000 took about one hour 
to do so. A l-ifi-100,000 solution had very much less effect, having 
produced only a slight diminution in the number of the red corpuscles 
within one hour's time. The white corpuscles were not dissolved* by 
the venom in the strengths used. 

Let us now compare these data with those obtained with the 
poison of the Enhydrina, bearing in mind the much greater potency 
of the latter as compared with Cobra venom. The poison of the 
Enhydrina was mixed in the same way as above described with 
the blood of pigeons and with human blood, in strengths of 1 in 1000, 
with the result that at the end of one or two hours there had been 
no appreciable dissolution of the red corpuscles. On testing again 
several hours later, slight dissolution was found to have taken 
place, and by this time the solution also showed naked-eye evi- 
dence of commencing haemolysis. After having been kept at room 
temperature (from 70“ to 80“ F.) for twenty-four hours the dis- 
solution appeared to be complete, but, on examination ^th the 
microscope, a few red corpuscles were still found to be undissolved, 
showing that even after this lapse of time the haemolytic change was 
not quite complete. The poison of the JDisteira cyanocincta and the 
Hydrophis cantoris were also tested in the same way with precisely 
similar results, namely, that a strength of 1 in 1000 had no appreciable 
hisemolytic effect at the end of one hour, but caused nearly complete 
dissolution at the end of the course of twenty-four hours. This is 
about the same effect as is brought about by a solution of Cobra venom 
of a strength of 1 in 100,000, although Cobra venom .has a potency of 
only one-tenth that of the poison of the Enhydrina. Thus we find 
that in proportion to its potency the poison of the Cobra has about 
1000 times as great a haemolytic effect on the red corpuscles of warm- 
blooded animals as has that of the Enhydrina. We have already seen 
that the latter poison produces no blood-stained effusion at the site of 
the injection of a fatal dose, evidently on account of the strengths used 
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having no hgemolytic action, for the solutions employed for the small 
animals experimented on were 1 in 10,000 or less. If we work out 
the amount of poison required to dissolve a certain amount of the 
Hood of a pigeon, for example, we find that it takes about 200 times 
a fatal dose to dissolve l/2000th part of the bird’s blood in twenty- 
four hours, calculating this fluid to be one-thirteenth of its body 
weight. It is obvious, then, that ordinary fatal doses of the poison of 
the Hydrophidae can have no appreciable hsBmolytic effect, and that 
death cannot be attributed, even in a partial degree, to its action on 
the blood of the animal killed by it. This can also be demonstrated 
by another method of experiment, namely, by counting the number of 
the red corpuscles before the administration of the fatal dose of 
the poison, and again immediately after death. This I have done 
several times, with the result of showing that no dissolution of the red 
corpuscles resulted from the action of a lethal dose of the Enhydrina 
poison. For example, a fowl’s blood was counted, and 3,190,000 red 
corpuscles per cubic millimetre were found. A lethal dose of Enhy- 
drina poison was then injected subcutaneously, which proved fatal in 
just one hour, when the blood count showed 3,120,000 red corpuscles 
in the same quantity of blood. 

Next we have to deal with the action of the poison on the coagul- 
ability of the blood. In the case of Cobra venom marked changes are 
produced, as shown by D. D. Cunningham, and this point has recently 
been studied by Lamb. The virus has the action of reducing or 
totally destroying the clotting power of the blood when mixed with it 
in small quantities. I have made a few observations on this point 
with the following results. Wright’s tubes were used, the solution of 
the poison being first drawn up into them, and then an equal quantity 
of the blood drawn up and quickly mixed with the venom solution in the 
mixing chamber, and blown down into the tube again, and the condi- 
tions as regards clotting examined in a series of such tubes at given 
intervals. The clotting time, when mixed with an equal quantity of 
the normal salt solution (in which the venom was also dissolved) of a 
Tabbit, having first been found to be three minutes, those of different 
strengths of Cobra venom in normal salt solution were found to be as 
follows: when a 1-in-l 0,000 solution was added the coagulation 
time was seven and a half minutes ; with 1-in-l 000 solution it was 
twenty minutes, and with a l-in-200 one the blood was still quite 
fluid after twenty-four hours, its coagulability having been completely 
destroyed. On testing the effect of the poison of the Enhydrina in a 
similar manner it was found that a 1-in-lOOO solution had no effect in 
reducing the coagulability of the blood, which still clotted solid 
in three minutes ; when a l-in-200 solution was added the blood still 
clotted in five minutes, showing only a slightly reduced time with the 
same strength, which in the case of Cobra venom had completely 
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destroyed the clotting power, and this, too, it must be remembered, 
in spite of the Enhydrina poison being ten times as powerful as that 
of the Cobra. It is evident, therefore, that the poison of the Enhy- 
drina has no appreciable effect in ordinary dilute minimal lethal doses 
on the coagulal)ility of the blood, while, as a matter of fact, we have 
already seen that such doses do not produce any loss of the clotting 
power of the blood. This was also the case when fifty times a 
minimal lethal dose of the venom was injected into the vessels of 
rabbits with the result of causing death in about six minutes. 

. The above experiments show that the poison of the Hydrophidse 
has no appreciable action on the blood of animals, which can in any 
way account for the symptoms and fatality caused by it, yet it kills 
with precisely the same symptoms as are produced by Cobra venom, 
and, as we shall see presently, there are good reasons for believing 
that it has a special action on the nervous system. It will be evident at 
once that this furnishes a very strong argument in favour of the view 
that Cobra venom also kills through the nervous system, as held by 
Lauder Brunton and Fayj'er, and not through the blood, as maintained 
by Cunningham. It is also of special interest to observe that although 
the action of the poison of the Hydrophidse on the blood is practically 
a negligible quantity in its lethal effects, yet it still persists to a slight, 
but easily demonstrable, degree ; for if it so persists in the Sea-snake, 
it may also persist in a still greater degree in the case of the Cobra 
without being a very active agent in the lethal effects produced by 
that poison, which kills through the nervous system as does that of 
the Hydrophidse. In this connection it is interesting to observe that all 
through the poisonous snakes we find evidence of an action on the blood 
and on the nervous system in different degrees. Thus, beginning with 
the Viperine snakes, we first have the Fipera Russelliiy which appears 
to be the purest blood poison of the known venomous snakes, killing by 
producing intravascular clotting in large doses, and the opposite effect 
of total loss of coagulability in repeated sub-minimal lethal ones. Then 
we come to the class of Pit-vipers, of which the rattlesnake of America 
has been most closely investigated by Weir Mitchell and Reichert. 
They also found a very marked effect on the blood, apparently 
similar to that produced by the Daboia, but, combined with this, we 
have a marked paralytic effect on the nervous system, and especially 
on the respiratory centre, for the authors mentioned conclude that 
although death may occur through the effect on the blood, yet they add 
“ There can be no question, however, that the respiratory centres are 
the parts of the nervous systems most vulnerable to the poison, and 
that death is commonly due to their paralysis.” Leaving the Viperine 
snakes and passing on to the poisonous Colubrines, we first come to 
the Australian species, so ably studied by C. J. 'Martin, namely, 
the Pseudechis, and we find again a combination of the two effects to 
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such a marked degree that, when the venom is administered intra- 
venously, death results from intravascular clotting, as in the Viporine 
snakes, while if minimal lethal doses are given subcutaneously death 
results through paralysis of the respiratory centres. Next we come to 
the Cobra, another Oolubrino snake, and here we find the nerve 
symptoms (juite predominate, although some considerable effect on 
the blood in the form of reduction of coagulability and dissolution of 
the red corpuscles still survives, although it now takes quite a second- 
ary position to the effect on the nervous system. Lastly, we have the 
Hydrophidse, which, morphologically considered, are but oolubrines 
modified for an aquatic existence, and here we find a practically pure 
nervous poison, although there still persists a trace. of action on the 
blood if strong solutions of the venom are employed, although it can 
have no actively poisonous effect. The very slight action found, 
however, may be of some value to the snake in the following way. 
We have seen that a l-in-200 solution of the Enhydrina poison has a 
slight retarding effect on the clotting power of the blood, which would 
doubtless be more marked in still more concentrated solutions, so that 
it is highly probable that the pure poison would have the effect of 
preventing the clotting of the blood at the point of injection of the 
poison, and so allow of its more ready absorption into the circulatory 
system through the patent vessels severed by the fang. This will 
account for the extreme rapidity of the absorption of the poison of 
the Cobra, for Fayrer showed long ago that if immediately after a dog 
has been bitten by this snake the fold of skin punctured is raised and 
freely excised, still the animal dies of the poison. The survival of 
some degree of action on the blood in the case of the Cobra and the 
Hydrophidie, although not in itself an important element in directly 
causing the death of the animal, may nevertheless be of service in 
causing the venom to be more rapidly absorbed in the way just 
pointed out. 


Action of the Poison on the Pulse and Respiration. 

We have already seen that in slow poisoning the respirations become 
more and more laboured until convulsions set in and they quickly 
cease, while the heart continues to beat for a short time. For the 
accurate study of the exact effects on the respiratory and circulatory 
systems, proper recording apparatus is necessary, but as these were 
not available, I had to content myself with a record of, the rate of the 
pulse and respiration after the intravascular injection of a large and 
rapidly fatal dose of the poison into rabbits under the influence of 
cMoroform, with the following results. A dose of 1 milligramme per 
kilo, weight, or at least twenty times a minimal lethal dose was used, 
and death resulted in from six to eight minutes, taking the time up to 
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the cessation of the hearths beat. The effect on the respiration was 
simply a tiniformly steady slowing down until convulsions set in, 
when the breathing finally ceased at once. For examplfe, in a rabbit 
which had received a dose of 1 milligramme per kilo, directly into the 
carotid artery (the artery being clamped immediately afterwards to 
prevent haemorrhage), the respirations were 60 per minute imme- 
diately before the injection of the poison. During the four minutes 
immediately following the injection, the number of respirations were as 
follows: — first minute, 56; second minute, 51 ; third minute, 42, and 
the fourth minute 33. In the first quarter of the 5th minute they were 
8, at which point convulsions set in and the breathing stopped. The 
respirations were* written down every quarter of a minute, and the 
figures for thciseparate quarters show an equally steady diminution of 
the number of respirations as the minute periods just given. In the 
same experiment the pulse showed the following changes. Before the 
injection it was 105 per minute. During the second half of the first 
minute after the injection it was 47 (that of the first half minute was 
lost), during the second minute it was 106, showing no alteration up 
to this time. During the third minute if fell to 99, and during the 
fourth it further fell to 48, that for its first half having been 32, 
and for the second half 16. During this steady fall in the pulse rate, 
its volume and force became increased. During the fourth minute, as 
already mentioned, convulsions set in, and the pulse was lost for about 
a minute, only the first and third quarters of the fifth minute having 
been recorded as 8 and 11 beats respectively. During the last three 
quarters of the sixth minute the beats were 15, 15 and 17 respectively, 
being now very feeble instead of unusually full, as before the cessation 
of respiration and onset of convulsions. During the first and second 
quarters of the seventh minute, the beats were 26 and 20 respectively, 
at which point the heart finally ceased to beat, that is, three and a half 
minutes after the cessation of the breathing. Very similar results have 
been obtained in another experiment, in which the same dose was injected 
into the jugular vein, a steady fall in the respirations first occurring, 
and they ceased with the onset of convulsions, while an equally steady 
fall in the pulse rate occurred later than that of the respirations, 
accompanied with an increased volume of the artery, the tension 
rapidly falling when the respiratory convidsions set in, but the pulse 
at the same time became more rapid again until it finally declined 
once more and then ceased. These experiments appear to show that 
the primary effJ^ct of the poison is a paralysing action on the respira- 
tory centre, and that the cardiac failure is secondary to that of the 
respirations. The exact explanation of the slowing of the pulse with 
increased volume of the artery, I am not prepared to say without the 
aid of pressure tracings, which I have not yet been able to take. 

2 N 
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The Affinity of the JSfemiis System for the Poison. 

We have seen that the poison of the Enhydrina is much more potent 
than even that of Cobra, and it appears to be somewhere intermediate 
in virulence between Cobra and tetanus toxins. Further, we know 
that the repeated injection of gradually increasing doses of the latter 
two poisons into susceptible animals leads to the formation of an anti- 
toxin in the system. This marked similarity of the nei^e poisons of 
the Colubrine Snakes and tetanus toxin leads one to inquire whether 
these snake venoms do not exert their noxious influences in the same 
way that tetanus toxin does, namely, by being taken up from the cir- 
culation and fixed in the nerve cells until a sufficient dose has been 
absorbed to paralyse the nervous matter; We know from the experi- 
ments of Wassermann that small amounts of tetanus toxin can be 
thus fixed by fresh nerve matter in a test-tube, and so rendered inert 
when subsequently injected into a susceptible animal. It seemed to 
be worth while to repeat these experiments with the poison of the 
Enhydrina, and although I have not had time to carry out a sufficiently 
exhaustive series of experiments to settle this point, yet the following 
data appear to me to have some value as being highly suggestive of the 
mode of action of these nerve-paralysing snake venoms. 

The experiments were carried out in the following manner. A weak 
solution of the venom, such as is used when giving minimal lethal 
doses, was placed in a small sterilised test-tube, and a given quantity 
of fresh brain matter from a pigeon was added to it, and the whole 
kept at blood temperature for a given time. Another solution of the 
same strength was kept at the same temperature for an equal period 
of time without the addition of any brain matter, for the purpose of 
injecting control animals, which were always used. Double and 
quadruple minimal lethal doses were used, and the brain matter was 
broken up so as to mix it with the poison as intimately as possible, 
and subsequently injected without filtering, so that most of the brain 
matter in a fine emulsion was injected with the poison. It was found 
that pigeons injected with these emulsions always lived longer than 
.the control one, while they sometimes recovered from double, and ip 
one instance from quadruple, minimal lethal doses of the poison 
after being mixed for from half an hour to eighteen hours with a small 
quantity (from 3 to 20 centigrammes) of fresh brain matter. The 
most marked effects were obtained by the use of the hemispheres of 
the cerebrum, the instances of complete recovery from lethal doses 
having occurred in these instances. The cerebellum had a less marked 
effect, only considerable prolongation of life having occurred, while in 
one experiment with the medulla and pons no very marked effect w^ 
observed. The grey matter, then, appears to have most effect in 
fixing the poison, as is also the case with tetanus toxin. These experi- 



1903.J Action of the Poison of the Hydfojohidoe, 495 

ments, then, point to the action of the toxins of the Enhydrina being 
very similar in nature to that produced by the tetanus bacillus. A few 
experiments were also done with Cobra poison in the same way, using 
the cerebrum only, but here the results were not so marked as in the 
ease of the Enhydrina poison, only a retardation of the onset of symp- 
toms and of death having been observed. 


Antitoxins, 

Lastly, we have to deal with the question of the possibility of ob- 
taining an antitoxin against the poison of the Hydrophidse. It has 
now been abundantly proved that Calmette’s antivenin is not a specific 
against all kinds of snake venom, as he claimed, although in large doses 
(40 o.c. according to Lamb) it is undoubtedly of great value against 
the poison of the Cobra. The very marked similarity of the symptoms 
of poisoning by the Hydrophidae with that produced by Cobra, lead 
one to hope that the antitoxin, which is efficient against the latter, 
would also be of value against Sea-snake venom. This has been put 
to the test by adding minimal and slightly supraminimal lethal doses 
of the poison of the Enhydrina to one half c.c. of fresh Calmette’s 
antivenin (which had only reached Calcutta a very short time before it 
was used), and after allowing the mixture to stand at blood heat for 
half an hour, injecting the whole subcutaneously. White rats were 
used in the experiments, and the amount of antivenin in proportion to 
the amount of poison was relatively enormous as compared with the 
dose recommended in the treatment of men bitten by venomous snakes. 
Yet the animals uniformly died in just about the same time as the 
controls, so that it is evident that Calmette’s serum is of no use against 
the poison of the Hydrophidae. 

On the other hand, the similarity in the action of this poison to the 
Cobra and tetanus toxins leads one to expect that an antidote could be 
prepared against it in a similar way to those of the latter poisons. It 
is only during three months that I have been able to experiment on 
this point, fowls being used. It soon appeared that the doses had to 
be very slowly increased, or fatalities occurred, and in the limited time 
these experiments lasted, I was only able to immunise one fowl against 
the minimal lethal dose of this poison, and a slightly larger dose proved 
fatal with the usual symptoms. My intention was to immunise a 
ietM'of animals against the Enhydrina poison, and then to test them 
with small doses of poisons from the other Hjidrophidse, as owing to 
the large variety of this class of snakes, no antidote would be of any 
practical value unless it was equally potent against all the genera and 
species, or at least against the ones most commonly met with. This 
important and interesting question must await further investigation. 

One experiment, which was carried out in order to test if the serum 

2x2 
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or bile of the Enhydrina had any antidotal properties, deserves mention 
in this connection. Three puppies of the same litter were used, all 
very much of the same size. Each recci^'ed an equal quantity of 
Enhydrina poison, but in the first this was mixed with a four minims 
of the serum of the Enhydrina ; in the second it was mixed with four 
minims of the bile of the same snake ; and thb third r^eceived the poison 
solution only as a control. The mixtures were injected ten minutes 
after being made. The result was th|it all three animals died in a 
little over an hour, the control surviving slightly longer than the 
others. It appears, then, that neither the serum nor the bile of this 
snake has any antidotal properties against the poison, and can not, 
therefore, be utilised in the treatment of their bites. Further re- 
search will be necessary to determine if a practically efficient antidote 
can be prepared, which I hope to undertake when sufficient venom 
for the purpose can be obtained. # 

This concludes the most important experiments so far carried out 
by me with the poison of the Hydrophida). They ha\’-e necessarily 
been strictly limited by the very small amount of poison which I have 
yet been able to obtain, and by the equipment of the laboratory at 
my disposal, for the use of which I am indebted to the kind permission 
of the Committee of the Zoological Gardens of Calcutta. I am also 
indebted to the Bengal Government for a grant towards the expense of ■ 
this investigation. 



1903.] 


Experiments in Hybridisation, 


497 


Expeiinxents in Hybridisation, with Special lieference to the 
Effect of Conditions on Dominance/' ByL. Doncaster, B.A., 
King's College, Cambridge. Communicated by Dr. S. F 
Harmer, F,E.S. Eeceived March 19, — Eead May 7, 1903. 

(Abstract.) 

The paper describes experiments made at Naples with hybrid 
Echinoid larvae/ The object of the experiments was to determine 
whether the dominance of a character is influenced by the condition 
of the genital cells at the time of fertilisation. It had been suggested 
by Vernon* that the “prepotency” of the sexual cells varies with 
their maturity, and experiments were made to test this conclusion, 
and also to discover whether “ prepotency ” could be influenced by 
other conditions acting on the eggs or spermatozoa before fertili- 
sation. 

It was found that adverse conditions acting on the eggs did give 
rise to differences in the larvse, but evidence is given to show that 
these differences are not due to a change in the dominance of characters, 
but are the result of differences in the vigoixr of the larvse. It is also 
shown that the seasonal changes observed by Vernon are probably due 
chiefly, if not entirely, to differences of temperature, and are not 
caused by a change of dominance accompanying difference of maturity. 

It is also shown that if an individual, A, shows greater dominance 
than B when each is crossed with a specimen X of the other sex, then 
A will also show greater dominance than B when both are crossed with 
a specimen YJ 

It is shown that the different characters of one parent are inherited 
separately by the hybrid offspiing, so that there is no pronounced 
cox^elation in the offspring between charactei's derived from the same 
parent. Further, a given chtoctev may appear in very different 
degrees on the two sides of the body of a hybrid larva, so that the 
hybrids are very frequently asymmetrical, although in the characters 
considered the two sides of the pure-bred larvae are similar. 

Experiments are described dealing with the causes which hinder 
cross-fertilisation between separate species, and it is shown that treat- 
ment of the eggs which tends to reduce their vitality usually renders 
tbeir fertilisation by sperm of another species more easy. 

* ‘Phil. Trans.,’ B, 1898. 
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“ Preliminary Note on the Discovery of a Pigmy Elephant in the 
Pleistocene of Cyprus/' By Dorothy M. A. Bate. Commu- 
nicated by Henry Woodward, LL.D., r.E.S., F.G.S., V.P.Z.S,, 
late Keeper of Geology, British Museum, Natural History.. 
Eeceived April 23, — Eead May 7, 1903. 

While still in Cyprus the receipt of a grant from the Eoyal 
Society in April, 1902, enabled me to devote a considerable amount 
of time not only to making more extensive excavations in some of 
the caves previously found, but also to a search for further cave 
deposits. I confined my attention chiefly to the Keryina range of 
limestone hills in the north of the island in the hope of finding bone 
caves containing other remains than those of the pigiiiy Hij^opotamus^ 
of which Dr. Forsyth Major has already given a short description’*' 
from specimens discovered by myself. 

In this search I was at length successful, although it was not until 
a certain amount of tentative digging had been carried on in four out 
of five newly discovered deposits that work was started on what 
appeared at first to be the most unpromising looking place which had 
been found, and was consequently the last to receive attention. 

However, during the first day one of the workmen found, not far 
from the surface, part of a tooth which was at once recognised as 
being that of an elephant. After this discovery every effort was 
made to procure a complete collection of the remains of this species, 
but at no time were either teeth or bones found to be so plentiful 
as those of HippopotaTfius mimitus, with which they were associated. 

Of ten. not a single proboscidean tooth would be obtained during 
two or three days' work, and only eleven molars and parts of molars 
were procured as the result of three weeks' digging. It was then 
decided to continue excavations here for a short while longer, and 
this was done’ until the end of July, work being again resumed in the 
])eginning of the following October. 

Altogether a good series was obtained of the teeth of this elephant, 
which is found to be a pigmy species: With the exception of the 
first naitk niolar (m.m. 2), specimens were procured of all the milk 
and pernmhent molars of both the upper and lower jaws ; also a 
number of tusks of different sizes, though these included none of the 
tiny milk incisors. No teeth which could be referred to very aged 
individuals were obtained, for amongst the last true molars none have 
more than half their full number of plates in use. 

The series of teeth consisting of specimens of very small size, it was 
natural in the first instance to compare them with the remains of the 

* * Proe. Zool, Soc.,* June 3rd, 1902. 
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4warf species from the Pleistocene deposits of the caves and fissures of 
Malta and Sicily, It was thoiight probable that they would differ 
‘from these; the fact of the pigmy hippopotamus of Cyprus being 
distinct from those found in the other large Mediterranean islands, 
lending colour to the supposition ; this expectation was fuMled, for 
the Cyprus fossils do not appear to be identical with any of the 
Maltese species, though they seem to come nearest to Elephas melitensis 
l:)oth in size and in the number of plates in the molars. The number 
of these plates in any particular tooth is liable to vary to a certain 
extent, but on taking the average, as far as this can be judged from the 
amount of material available, the resulting ridge formula, exclusive 
, 5 7-8 8 9 12 

of talons, is -r -g y~§ g 5 i? practically agrees with that of E, 


melitensis given by Dr. Falconer.* 

The teeth of the Cypriote elephant are considerably smaller than 
those of E, mmidriensis, from both Sicily and Malta, this being the 
largest species from the last-named island. They also differ some- 
what in their ridge formula, which is that mentioned above, while 

Dr. Leith Adamst gives that of E, mmidnenm g ^ ^ 


12-13 

12-13* 


The Cyprus form seems to have been also slightly inferior in size 
to E, melitensis, for its largest upper and lower molars do not equal, 
either in length or breadth, some of the specimens of the correspond- 
ing teeth of this Maltese species which are in the collection of the 
British Museum, Its tusks differ from all those from’ Malta in being 
compressed laterally, which character is especially noticeable in those 
of the female and young ; further, they appear to be more strongly 
curved than those of E, melitensis. 

As a general feature it may be said that the molars from Cyprus 
are,- on the whole, more simply constructed than those of E, melitensis. 
They show a still slighter tendency to ‘‘ crimping ” in the bands of 
enamel, and are less inclined to develop the mesial expansion of the 
plates of dentine which is not uncommonly found in the teeth of 
E, melii^nsis, and is so conspicuous in those of E, Afrkanus, 

It is well known that when the plates of an elephant’s tooth first 
come into use, the edging of enamel is in the form of a series of rings 
-owing to the digitation of the plates. These are later worn into a 
lingle band surrounding the enclosed area of dentine. 

In the Maltese specimens it is not uncommon to find the encircling 
enamel persisting thus divided for . a considerable time. Even four 
or five ridges may remain in this condition at one time in a single 


‘ Pal. Mem.,’ toI. 2, p. 298. London, 1868. 
f ‘ Zool. Soc. Trans,,’ vol, 9, p. 112. 
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tooth, with perhaps an anteriorly decreasing number of rings. This 
is well shown in a tooth, now in the British Museum collection, doubt- 
fully ascribed by Mr. Busk* to the first upper true molar of E. FalconerL * 
This is not so much the case in the Cyprus specimens, in which the 
bands of enamel only remain thus separated into several anxmli for a 
very short while after the plate comes into wear. 

The molars vary considerably, some specimens having very,, byroad 
crowns while others are somewhat narrow. The bands of cemmit are 
wide, in perhaps the majority of cases almost, or quite, equalling in 
width the plates of dentine ; this seems to be the exception and not 
the rule in the molars of E. melitensis. 

Taking into consideration the several characters in which the teeth 
of the Cyprus elephant differ from those of all the hitherto described 
dwarf species (putting on one sideE. lamamiom^ from the Pleistocene 
of Sardinia, the teeth of which are unknown to science) as well as 
the distinct habitat of the animal, I have come to the conclusion that 
it is specifically distinct from these other small forms, though possibly 
they were derived from a common ancestor, and I, therefore, propose to 
name it Elephas Cypriotes, 

The discoveiy of the remains of this pigmy elephant, as well as of 
Hi^;popotamus mimiins, in Cyprus, is interesting in comparison with 
the dwarf species from Malta and Sicily, and because the presence 
of an extinct mammalian fauna in this locality had not previously 
loeen recorded. The occurrence of these different, though apparently 
closely related, races of small elephants in widely separated islands 
of the Mediterranean, lends probability to the theory that this is a 
case of independent development along similar lines, the result of 
similar circumstances and environments. Nevertheless, it would per- 
haps be wise not to take it for granted, without further evidence, 
that this diminutive size is wholly and entirely due to specialisa- 
tion. 

I hope shortly to be able to communicate a more detailed account, 
with figures and full descriptions, of this collection of elephant remains 
from Cyprus. 

^ ‘ ZaoL Soc. Trans./ toI. 6 , PI. 53, fig. 3? p. 295, 
t Dr. Forsyth Major, “ Die Tyrrhenis,” ‘ Kosmos/ vol. 7, 1883, p. 7, 
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On the Discovery of a Species of Trypanosoma in the Cerehro- 
Spinal Fluid of Cases of Sleeping Sickness/' By Aldo 
Oastbllani, M.D. Communicated by the Malaria Committee 
' . of the Koyal Society. Dated ‘‘Entebbe, Fganda, 5th April, 
“^1903." Eeceived May 8,— Eead May 14, 1903. 

^ On the 12th November, 1902, when examining a specimen of 
•cerebro-spinal fluid taken by lumbar puncture during life from a well- 
marked case of sleeping sickness, I was surprised to observe a living 
trypanosoma. Since that date I have made as many observations in 
this direction as” possible, and the results are to my mind sufficiently 
surprising to excuse me for presenting this preliminary note. 

These trypanosomes are not in large numbers, so that to find them 
it is necessary to draw off at least 15 c.cs. of the cerebro-spinal fluid. 
It is better to reject the first few c.cs. as they are apt to contain blood. 
When the fluid comes away clear, 10 c.cs. are collected and centrifuged 
for 15 minutes. At the end of this time there is found at the bottom 
of the tube a slight deposit of whitish sediment, and in some eases also 
.a minute trace of blood, 

The liquid above the sediment is poured off and the sediment 
.examined under a moderately low power of the microscope. As the 
^ypanosomes are at first fairly active they are easily detected. 

The following tables repi'esent the results of this investigation ; — 



Table I* — ^Sleeping Sicbness Cases. 
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Table I shows that in 34 cases of sleeping sickness, the trypano- 
somes were found in the cerebro-spinal fluid taken by lumbar puncture 
-during life in 20 cases, giving a rate of 70 per cent. 

On two occasions I also examined in the same way fluid from the 
lateral ventricles and in both cases found the same parasite. In blood 
I found the trypanosoma once with certainty. 

It may be thought that the trypanosomes are found in the cerebro- 
spinal fluid on account of the trace of blood which sometimes forms 
part of the sediment. But it will be seen from the table that in several 
-cases tliere was no trace of blood. 

Table 11 shows that in 12 cases of ordinary disease, the cerebro-spinal 
fluid taken during life by lumbar puncture, in no case contained 
trypanosoma, and it is important to note that 3 of these controls were 
-oases of the usual trypanosoma fever, as described by Forde, Dutton, 
Manson, Daniels, &c. 

Here it may be remarked that trypanosoma fever is by no means 
uncommon among the natives in Uganda, 3 cases having been met with, 
by Dr. Baker, one of the colonial surgeons here (Entebbe), within the last 
3 weeks. I understand that Dr. Baker is publishing this most interest- 
ing observation. It must be clearly understood that these cases of 
trypanosoma fever bear no resemblance in their clinical features to 
sleeping sickness. 

The trypanosoma found in the cerebro-spinal fluid of sleeping sick- 
ness does not as far as I have been able to make out differ materially 
in size and shape from the species one finds in the blood of trypano- 
soma fever, Try'pmosonia OamUense (Dutton), but possibly it is to be 
-differentiated from this one, because in it, as a rule, the micro-nucleus 
lies nearer the extremity and the vacuole is apparently larger. Besides, 
its movements are not apparently so active, but this fact might be due 
to the effects of the centrifuge. In case it should prove to be a new 
species, the trypanosoma I have described might be called from the 
-country^ where I have found it first — Trypamsma Ugandense. 


Sehtim of the Trypanosoma to Sleeping Sickness. 

At the post-mortem examination of 80 per cent, of the cases where 
I found during life the trypanosoma, I grew from the blood of the 
heart and from the liquid of the lateral ventricles the variety of 
streptococcus I described many months ago in my first note. Up to 
TOat time I had never found Ihe trypanosoma, but this is easily 
explained by the fact that I did not use the technique I have described 
in this note, viz., examination of a quantity of liquid after long 
use of the centrifuge. 

Influenced by my last investigations I would suggest as a working 
hypothesis on which to ba^ further investigation that sleeping sickness 
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is due to th.6 species of trypanosoma I liave found in the cerebro-spinal 
fluid of the patients in this disease, and that at least in the last stages^ 
there is a concomitant streptococcus infection which plays a certain 
part in the course of the disease. 


Note hij the. Secretary of the Itoyal Society. 

As so far supporting the observations by Dr. Oastellani recorded in 
the above communication, it may be desirable to state that Colonel 
JBruce, to whom in Uganda Dr. Oastellani made known his discovery 
of the Trypanosoma, and who is now continuing the investigation 
begun by Dr. Oastellani, has sent to the Eoyal Society a telegram, 
received May 4, stating that since Dr. Oastellani left, in thirty-eight 
cases of sleeping sickness, he had found trypanosoma in every case in 
fluid obtained by lumbar puncture, and that he, had found trypanosoma 
in the blood in twelve out of thirteen cases of sleeping sickness. 

Michael Foster. 
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“ On Skew Refraction through a Lens ; and on the Hollow Pencil 
given by an Annulus of a very Obliquely Placed Lens.” 
By J. D. Evekett. F.RS. Received January 22,— Read 
January 29, 1903. Received in revised form, April 20, 1903. 

[PlATES 9 AND 10.] 

Part I. — OutUm. 

1. The investigation here described was undertaken with the view 
of explaining the curious curves obtained by receiving on a screen, 
at certain distances, the hollow pencil which emerges from an annulus 
of a lens placed at large obliquity (such as 30'* or 45°) to the incident 
beam.* 

2. The first requisite is a process for calculating the direction-cosines 
of a ray refracted at a given surface, when those of the incident ray and 
of the normal are given, with the relative index of refraction. In the 
original computations for this paper, the method of procedure was, to 
calculate first the direction-cosines of the tangent to the refracting 
surface in the plane of incidence. A length unity along the refracted 
ray was then projected on this tangent and on the normal ; and these 
two projections were themselves projected on the axes of co-ordinates, 
and added. It has subsequently been found better, instead of actually 
calculating the direction-cosines of the tangent, to eliminate them 
between two sets of equations, one of which is obtained by projecting 
the refracted ray in the manner above described, and the other by 
similar projection of the incident ray. 

3. A single case of special simplicity is selected for the application of 
the process; the case of a narrow and thin annulus of a plano-convex 
lens, with a parallel pencil incident at 45° on its plane face, the index 
being 1-6. The annulus is supposed to be graduated, the division 0° 
being at the point furthest from the source, and the graduations being 
from 0^ to ± 180°. The plane containing the axis of the lens and the 
axis of the incident pencil passes through the divisions 0° and 180°, 
and is the only plmie of syrmwtry of the system. For convenience of 
description, we shall suppose this plane to be vertical, the point 0° being 
the highest point of the annulus. 

4. Twelve points 30° apart, starting from 0°, are taken on the annulus, 
as points of incidence ; and the direction-cosines of the corresponding 
emergent rays are calculated to three or four places of decimals. The 

* See S. P. Thompson, “ Experiments on Zonal Aberration,** ‘ Arcliives JT^er- 
landaises,* 1901, and Fourth Traill Taylor Lecture, printed in the ‘ Almanac of the 
Brit. Joum. of Phot.’ for 1903 ; also Alice Everett, “ Photos, of Sections of Hollow 

Pencils,” ‘ Jour. Brit. Astron. Assoc.,* vol. 13, 1902, pp. 74-75. 
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axis of the lens is taken as axis of z, the axis of y being in and the axis 
of X perpendicular to the plane of symmetry. The equations of the 
twelve emergent rays thus found enable us to plot twelve points of the 
section made by a plane at any given distance and through these a 
curve can be drawn by hand. 

5. These sections are, however, inclined at about 45'’ to. the emergent 
rays, and are about midway between the axes of z and y. To remedy 
this inconvenience, the equations of the rays are transformed to new 
axes (of rj and f ), the axis of f being midway between the axes of z and 

and coinciding with the original direction of the incident beam. 
Sections perpendicular to this direction are found by assigning different 
constant values toC; and a “direction-curve” is drawn, which is a 
section of a cone whose generators are parallel to the emergent rays. 

6. Harmonic reduction is applied to the direction-cosines; and 
harmonic expressions containing either two sines without cosines or two 
cosines without sines are found to give a remarkably close representa- 
tion of the facts. 

7. Each ray of the emergent pencil intersects two other rays. One 
set of intersections are in the plane of symmetry, and are the inter- 
sections of rays symmetrically placed with respect to this plane. These 
intersections constitute the secondary focal line, which is absolutely 
straight, and lies in the production of the straight line drawn through 
the centre of curvature of the convex face of the annulus, parallel to 
the rays in the glass. These may be called “ left-and-right ” inter- 
sections. 

8. The other set of intersections constitute the primary focal line. 
They may be described as “ up-and-down ” intersections, inasmuch as 
the plane of any pair of intersecting rays is at a small inclination to the 
vertical — ^that is, to^ the plane of symmetry ; whereas the plane of a 
pair which intersect in the secondary line is perpendicular to the plane 
of symmetry. Each intersection involves an inversion of relative 
position of the two rays concerned ; and the combined effect of the 
“up-and-down” inversion at the primary line, and the subsequent 
“ left-and-right ” inversi^on at the secondary, is to cause a distant section 
to be an inverted image of the annulus. 

9. In the “up-and-down” intersections, the pairing of the rays 
follows an unsymmetrical law. Each of the rays between O'" and 79“ is 
paired with a ray between 180° and 79°; — a fact which I discovered 
empirically in my original calculations. The exact law of pairing has 
since been detected by Professor A. E. H. Love. It is, that the chord 
joining a pair passes through a fixed point, namely the point in which 
the plane of the annulus is cut by the secondary line. See §§ 23,. 24, 26. 

10. The first rays to intersect are those from 0° and 180° ; and their 
intersection is the vertex of the primary focal line. This line is 
approximately a parabola, lying in a plane which recedes with a 
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downward slope of about 1 in 6. Each end of the primary line is the 
intersection of two ultimately coincident rays from near 79 \ 

After a long interval, the intersections on the secondary line begin, 
the first being the intersection of rays from two points ultimately 
coincident at 180“, and the last the intersection of rays ultimately 
coincident at 0“. 

11. In the cross-sections, of which numerous specimens at gradually 
increasing distances are given in Plate 9, every intersection of two 
rays, or (what is the same thing) every intersection of a ray with one 
of the two focal lines, appears as a double point, which is generally a 
point of crossing of two branches, but is sometimes a cusp ; and in one 
instance the two double points coincide in a point of contact of two 
branches. 

For the purpose of identifying individual rays, the numbers 0, 30, 
60, &c., are marked, indicating the positions, in each section, of the 
rays which came from the points 0°, 30“, 60“, <fec., in the right hand 
half of the annulus. They facilitate the tracing of reversals of 
position. 

12. It is by no means a general law for oblique refraction through 
annuli that the primary crossings are completed before the secondary 
begin. More usually there is a large region in which the two cross- 
ings overlap— a circumstance indicated by the presence of three double 
points in a section, the middle one of the three being in the secondary 
and the two outer in the primary focal line. 

13. Sections of pencils from annuli of obliquely placed lenses have 
been calculated by Steinheil* and by Finsterwalder,t the obliquity, 
however, being only 0“ 48' in Steinheirs calculations, and not exceed- 
ing 6“ in Finsterwalder^s. In both cases, the method of computation 
is that devised by SeidelJ based on spherical trigonometry ^ and the 
calculations are only for the positions 0“, ± 45“, ± 90“, ± 135“, 180“. 

Part H. --Details, 

14. General Process for Skew Refraction. 

f 

Let Zi, mi, % be the direction-cosines of the normal, 

1% % those of the incident ray, 

then, calling the angle of incidence x> and the angle of refraction' X j 
we have 

cos X “ lil% + 4“ 

Hence, knowing the index of refraction, we can deduce sin x^ from 
sin X. 

* * Munich, Atad. Sitz. Ber.,* vol. 19 (1889). 
t ‘Munich, Akad. Abhandl.,’ vol. 17 (1892), p. 519. 

J ‘ Munich, Akad. Sitz. Ber.,’ 1866, p. 263. 


2 0 2 
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Let Xfiv denote the direction-cosines of the tangent to the refracting 
surface in the plane of incidence. 

Then 4 ^2 may be regarded as the projections of a unit incident 
ray on the axes. But this unit ray gives a projection sin x on the 
tangent, and a projection cos x on the normal. Adding the projections 
of these on the axes, we have 


k = A sin X + cos X 1 

m2 = /i. sin X + cos X r (1). 

72-2 = V sin X + % cos X 

And in the same way, by projecting a unit refracted ray, we have 
= X sin x' + cos x' 

m' /A sin x' + mi cos x' r (2), 

= V lb x'+% cos x' 

V, m', n' denoting the required direction-cosines of the refracted ray. 
Substituting the values of X, /^, v from (1), equations (2) become 

I' = ifc (Iz - cos x) + cos x' "I 

to' = A(m2-micosx) + »hcosx' P (3) 

w' = k — cos x) + % cos x' -J 

k stan<Mng for sin x'/sin x the relative index from the second medium 
to the first. 

Equations eqmvalent to (3) are given in Herman’s Geamekical OpMcs, 
§ 18, 19 (Camb. Umy. Press, 1900) and have, I understand, been 
taught for many years by Mr. Webb at Cambridge. 

15. In the ori^ calculations for this paper, a clumsier method 
WM med, m winch k v were computed by means of deter- 
minants. The ongmal results have been tested,’ and in some instances 
made more exact, by the use of equations (3). 

• Since the tangent ie ooplanar with the normal and the incident ray, we have 

A.\ + B/m -I* Gv s= 0 , 
where ' 

A - I I , B = I 1 P Ml f 

1 I’ •“ I I- C=| j. 

Also, since it is perpendicular to the normal, we have = o. 

Hence A., m, v are proportional to the three determinants 

« !> I I I I 

* * * I *1 I ’ I % I ’ 

and \, M, v are the quotients of these by •v'rLS+MS + Nn I' V ... #i,.„ t ' j 
hy yihsttoting the numerical values of A, ^ v in eqltiins (2? ’ 
t determinants Ld makLgobvious reductions 
(1 ^ *“^**'®t the final results reduce to equations (3). ' 
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The Selected Case {see § 3). 

16. The parallel rays incident at 45" on the first face, which is 
plane, are refracted into the lens so as to make with the normal (which 
is the axis of z) an angle of 28" 7|'. The sine of this angle is 0*4714, 
and its cosine 0*8819, The direction-cosines of the rays incident on the 
second or convex face of the lens are therefore — 

h = 0, m2 = 0*4714, = 0*8819 ; 

and are the same at all points. 

Our calculations relate to a single narrow annulus of the convex 
face,* the axis of this annulus being the same as that of the lens. The 
radius of the annulus will be taken as the unit of length, and the 
centre of the anntdus as the origin of co-ordinates. 

The normals at all points are equally Jinclined to the axis of z, and 
we assume the sine of this inclination to be 0*1000 ; in other words, 
the radius of curvature is taken as ten times the radius of the annulus. 
This makes the cosine 0*9950, and the angle itself about 5" 44|'. 

Let d denote the angular distance of any point of the annulus from 
the summit (which is the farthest point from the source). Then the 
co-ordinates of the point are — 

^0 ~ sin 6, = cos 0, = 0, 

and the direction-cosines of the forward-drawn normal at the point ai^ 
h “ tV = TJS == 0*9950, 

From these we deduce, for the angle of incidence x> 

cosx = kh + + ~ 0*04714 cos ^-4-0*87749, 

and sin x' is f sin x; hence cos x' is known, and we have all the data 
for calculating the direction-cosines V m' rf of the emergent ray by 
equations (3). The following values are thus found : — 



(f 

80°, 

60°. 

90°. 

120°. 

150°. 

180°. 

1' 

0 

-0*0286 

-0-0518 

-0-0622 

-0 *0568 

j -0*0842 

0 

m* 

0*660 

0*658 

0-677 

0-707 

0-740 

; 0*766 

0*777 

1 

n 

0*760 

0*753 

0-734 

0-704 

0*670 

1 0*641 

1 

0:680 


* The annulus of the lens which corresponds to this annulus of the conoex faee 
may have any thickness, but description is facilitated by supposing the thickness iBo 
small as to be negligible. 
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and the equations to an emergent ray are 

sin d _ y - cos d _ 3 

r ^ ^ W- 


_ When the sign of d is reversed, the sign of I' is reversed, and there 
is no change in m' or n^, 

17. For transforming to the axes of a: ^ f (see § 5), C being in the 
direction of the original beam incident on the first face, the required 
formulse are — 

■1=1', m = (m' - n') n = (m'+ w') VJ, 

I, m, n denoting the direction-cosines relative to the new axes. We 
thus find, for the seven selected points — 


m 

(f. 

CO 

q 

60°. 

90®. 

0 

01 

X50®. 

180®. 

-0-0778 

0-997 

0 -7071 

-0-0672 

0-998 

0-6124 

-0-0403 

0-998 

0-3536 

+ 0-00177 
0-998 

0 

+ 0*0495 
0*997 
-0*3586 

+ 0*0880 
0*995 
-0*6X24 

+ 0-1040 
0-996 
-0 -7071 

n 

’Jo ~ • • 


^d the equations of an emergent ray are reduced to 


^ind _ 7,-r,, C-Co 

I m n V®)’ 

where i;o = S)= ^/icosd. 

These give the values of » and i, for a section at any distance t 

® in this 

them points being plotted and a smooth curve drawn through 


Description of Plate 9. {See § 11.) 

w raSr* ” f 

fowS It **5^^**°“ large upward deviation of the 

lower side becomes more concave, the upper becoming at the same 

K'Sk f ^ At 

tas become the narrowest part. 

The second row consists. of sections through the primary focal line. 
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It commences (at distance 7*72) with contact of the two branches, 
their common tangent being also a tangent to the primary focal line. 
The lower branch then passes through the upper, giving three areas 
separated by two points of self-cutting. These two points then, travel 
outwards, causing the two loops beyond them to become smaller, till, 
at distance 8*51, the loops have vanished and are replaced by cusps, 
which are at the two ends of the primary focal line. 

The third row consists of sections intermediate between the two 
focal lines, the cusps having changed to rounded off angles, and one of 
the sections (at distance 11 ) being approximately an equilateral triangle 
with corners rounded off. The last of them, at distance 13, has a 
.fairly sharp angle at the top. 

The fourth row consists of seven sections through the secondary 
line and one at a greater distance. The first has a cusp at the top, 
changing into a small loop, and then we have figures of 8 , with the 
upper loop enlarging and the lower diminishing, till at distance 18*51 
the lower loop has been replaced by a cusp. There is thus a cusp at 
each end of the secondary (as well as of the primary) focal line. 
When the figures are produced experimentally by receiving the pencil 
on a card, it is possible to hold the card in a very oblique position 
in which the two sides of the figure 8 unite, and give a single 
line resembling the image of a slit. This image is the secondary 
focal line. 

When the secondary line is passed, the area of the section increases 
rapidly. The form is at first that of an oval sharpened at the bottom, 
as shown in the last figure of the Plate ; but, as the distance increases, 
the two ends become nearly alike ; and at still greater distances, the 
lower half becomes broader and blunter than the upper, as exemplified 
in the section at infinite distance which stands first in Plate 10 . 

19. In the figures of Plate 9, the zero point r = 0, 77 = 0 , through 
which an undeviated ray from the origin would pass, is indicated by a 
large dot, and it always lies below the centre of figure — a consequence 
of the preponderating action of the lower portion of the annulus. At 
distaxices 6 and 9*9 the zero point coincides with the 180" point and 
the 0 " point respectively, and at intermediate distances it lies outside 
the cwrve. This explains the observed fact that, when two concentric 
annuli are employed, differing greatly in size, the curve due to the 
inner often lies outside that due to the outer. In dealing with the 
solid pencil given by a very obliquely placed lens, it is clearly not 
permissible to identify the bounding surface of the pencil with the 
surface constituted by rays from the outermost zone. 

20 . The direction-cosines V, n\ are approximately simple-harmonic 
functions of the angular co-ordinate 0 of the point of emergence. The 
amplitude of the chief term (of period 360°) is some fifteen or twenty 
times as great as that of the next term (of period 180°) ; and when 
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both these terms are included, the largest departures from agreement 
with Ae twdve data amount to about ^ of the chief ampiftude for 

to«.rk.lp^yl ”■ to ft* 

I' = - 0-0624 sin $ + 0-0032 sin 26, 
in' = 0-7103 - 0-0628 cos 6 + 0-0033 cos 26, 

« = 0-6997 + 0-0645 cos 6 - 0-0047 cos 26, 
from which are deduced 

m = 0-0075 - 0-0900 cos (9 + 0-0057 cos 26, 
n = 0-9970 + 0-0013 cos 6 - 0-0010 cos 26. 

As regardsTth^Wg^rde^to^^^^^^ , 


* = sin^+^-(j:_f„), 


vo+^(C-Co), 


in accordance with equations (5) 

dot « JXt”' mTr^Syf Tl?iarge 

cut bv the axis nf ^ “ner curve is the point m which the section is 
^ “iJicates the direction of no demaUon Tl.o 

deviation. The directiJli 
«Ja..beingtheformto;^^^^^^^^^ 

piaS'oSsS„;rscr^^^ stVLff 

onfcoScl^^irrr*”'’' tz 

up-and-down and lefUnd-right ^ undergoes, both 


Crossing of Bags in the Secondary Focal Line. 

pta tr** ± » -“t i. 
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= 0 in equations (4) or (5) of §§ 16, 17, using the values of l\ n\ 
or of I, m, there given for 0 = 30^ 60®, . , . 150®. The two 
which correspond to the points 0® and 180® can in like manner be 
found by applying equations (3) to values of d indefinitely near to 
0 and TT respectively. - 

Near 0® we thus obtain, for small 6, 

^-0 ^ = JLz} = ^ 

-0-05662'6» 0*6505 0^595" 

and near 180®, for tt - <j[> with small, 

x-<l> _ y+l _ z 

0*06966<^ ” 0^7768 0^7 ’ 

which, for x = 0, give 

6 = 0®, y = 12*50, X? - 13*43 r; = -0*66, C = 18*34.* 

e^lS0% 10*15, 9*04 0*785, 13*57. 

The two points thus determined are the ends of the secondary focal 
line, and the other five points when plotted are found to be sensibly 
in the straight line joining these two. The tangent of the inclination 
of the line to the axis of as computed from the co-ordinates ^ f of its 

ends, is = - -303. 

Sections of the pencil made through the secondary line, are figures 
of 8 (see 4th row of Plate 9) ; the crossing point of the 8 being 
the point in which the line meets the section. At the ends of the line, 
one loop of the 8 vanishes and is replaced by a cusp. The cusps are 
shown separately with tenfold magnification, in Plate 10. 

231 A simple application of descriptive geometry sufiSices to show that, 
in every case of refraction of a homocentric pencil at a spherical 
surface, all the refracted rays pass through a straight line, namely, 
the straight line which joins the point-source S to* the centre of 
curvature C of the refracting surface. For, if P be the point of 
incidence on this surface, PC is the normal, and SPG the plane of 
incidence. The refracted ray lies in this plane, and therefore meets the 
line SC. In the case with which we are dealing, S is at infinity, and 
SO is parallel to the rays within the lens. 

24. Again, the plane SCP cuts the annulus in a second point F, and 
the plane of incidence SCP' is identical with SOP. The refracted rays 
at P and P' lie in this plane, and their intersection is a point in the 
primary focal line, 

* It is interesting to eompave the distance 18*34 of the further end of the 
secondary line with the focal length of the annulus, which is 19*78. 
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25. Applying these principles, we have 

Deviation at first refraction “ 45“ - 28“ =16“ 52|', 

which is accordingly the downward slope of the rays in the glass. The 
tangent of 16“ 52 J' is 0*303, which agrees with the value above 
deduced from the co-ordinates of the ends of the secondary line. 

Again, the distance 00 of the centre of curvature from the origin 
is ^99 = 9*950 ; and the condition that 0 is collinear with the ends 
of the secondary line is the vanishing of the determinant. 

12- 50, 10*15, 0 

13- 43, 9-04, - 9-95 

1 , 1 , 1 . 

Expanding, we find that the positive terms amount to 237*4, and the 
negative to 237*3, a sufficiently close agreement. 

26. Let A in the annexed figures be the point where a line through C 
parallel to the rays in the lens meets the plane of the annulus. If we 
draw any straight line through A, cutting the annulus in two points 
P, P', the rays at these two points are in the same plane of incidence 




OD = OD' = radius of circle = 1. AT is a tangent, 

OA = 5*32 in both figures. APT' any secant 

BO = 10, giving 00 = 9*95. 


CAPP', and will therefore meet ; the point in which they meet being 
iii the primary focal line. P and P' coincide at the point of contact T 
of a tangent from A, and the ray from T passes through one end of the 
primary focal line, its other end being symmetrically placed on the 
other side of the plane of symmetry. 

We have OC = ^^9, OA = OC tan 28“ = 5*318, and the 

angular position ^ of T is determined by eosec ^ = OA, giving 
^ = 79“ 10', The rectangle AP. AP', or the square of AT, is 27*2847. 
For any given value of ^ = AOP we ^can, from these data, calculate 
0 * = AOP'. The following pairs of points of emergence of intersecting 
rays are thus found— 
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d 


120 “ 
43“ 4' 
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150“ 
20 “ 44 ^ 


27. To trace the primary focal line, I have calculated, by formuhe 
(3), the equations of the rays (in terms of x at these thirteen points, 
and plotted on a large scale the sections of the rays by planes of 
constant the smallest value of z being 5*304, which corresponds to 
the intersection of the rays from 0“ and 180“, the largest 6*05, which 
corresponds to 7 9“ 10', and the others being 5*4, 5*5, 5*6, 5*7, 5*8, 5*9, 6*0. 
Some of these sections* are reproduced in Plate 10. The co-ordinates 
xy oi the points of self-cutting of the curves (drawn carefully by hand 
UkroMgh the plotted points) were adopted as the co-ordinates of points 
of the primary line,* and the results are exhibited in Plate 10 in the 
shape of three curves which are the projections of the primary line on 
the co-ordinate planes of a; C- These projections are on the same 
scale as the curves in Plate 9. The scale of the intersecting curves is 
five times as large. The projection on the plane of tj C (the plane of 
symmetry) is very nearly a straight line. The other two projections 
show that the form of the primary line is approximately parabolic. 
The length of the chord joining its ends is 0*952, and the distance of 
this chord from the vertex, 0*911. The tangent of the slope of the 
approximate plane of the curve is about - and the ends of the 
curve (whic]i are its lowest points) are just above the plane of x 

28. A general view of the system as projected on the plane of 
symmetry is given (on one-fourth the scale of Plate 9) at the foot 
of Plate 10. The highest and lowest points of the annulus are 
marked 0 and 180, and the rays incident at these two points are 
traced as far as their meeting with the secondary focal line. C is the 
centre of curvature of the convex face of the lens, the radius of 
curvature being ten times the radius of the annulus. GA, meeting 
the plane of the annulus in A, is parallel to the rays within the lens, 
and its production coincides with the secondary focal line. 


‘Cvsjps in the- SecUom. 

29. Every ci*oss-section through an end of a focal line contains a 
cusp, which is the transition from a small loop to a rounded-oflf angle 
in sections taken near it. Three such sections, either of constant z or 
of constant f can be taken ; namely, one section through each end of 
the secondary, and a single section through both ends of the primary. 

* 30. The values of dxjdd and dyfdB for constant 0, and of dxidd and 
drj/dO for constant vanish at a cusp, and are very small in the region 

* The markings 21, 43, 69, 100, 136, 79, against the curves are abbreviations for 
20*" 44', 43‘^ 4', 68° 40', 99° 35', 136° 10', 79° W. 
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aromd it. This property is of great assistance in locating the ends of 
the focal lines. Physically interpreted, it indicates close aggregation 

of rays, and consequent increase of luminous intensity, at the ends 
01 the two focal lines. 

31. To find at what distant from the plane of the annulus the 
values of a: and y for the ray at 0° are stationary for changes of 
We have m general 


. 1 ! 

X = + 

i\! * 


y = cos 0 + 


Hence, for constant 

dx 
dS 

dy 


5 - 4 '). 


de 


= - sin 6-ir 


/ , dm' ■ dn'\ 


th? harmonic expressions (§ 20) for I' m' we see 

that the egressions for dm'jde and dn'jde contain only sines and 
consequently vanish at 0°. Hence dyjdd vanishes identically It 0°, 

and dxldd reduces to cos ^ ^ , which is to vanish. 

This gives 1 « = 0, « = 13-57, agreeing fairly with the direct 

determination si = 13 * 43 . 

In like manner, for the ray at 180°, the conditions reduce to 
= 0, « = 9-17; to compare with the direct determina- 

tion 9*04. 

M-STmp rpSo"' <“ -»*' 0* 9) 

form5r?3^^n t/” 1 ® Tot application of 

matelf 6 r/ " W™«“ately for all three, must be approxi- 
y . More exactly, the equations of the ray at 1^" W are-- 

* = 0-98218 -0-083710, y = 0-18795 + 0-971780; 
and those of the 79° ray, 

, * = 0*98163-0-083590, y = 0-19081 +0-971310. 

The value ,s = 6-05 gives, for both rays, 

a = 0-476, y = 6-0672. 

Transforming from y and e toy and f, we have 
n = 0-012, f = 8-668. 
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The form of these cusps, for a section of constant is exhibited 
near the centre of Plate 10, on half the scale of the two cusps of the 
secondary (which are for sections of constant {■). 

33. The following examples illustrate the use of the harmonic 
formulse : — 

{a) To find the points of the annulus at which the deviation is 
exactly perpendicular to the plane of symmetry — 

We must put m = 0, giving 

900 cos 57 cos 26 = 75, whence 6 = ±88® ST. 


(b) To find the points at which the horizontal deviation is greatest, 
we must put dljdd == 0, giving 


cos 26 _ ^4 _ 
cos 6 64 


<9 = ±95® 46'. 


(c) For the total deviation to be a maximum or minimum, its cosine 
n must be a minimum or maximum. We thus obtain — 


dO 


~ 0*0013 sin ^+0*0020 sin 26, 

- 0*0001 sin 6 (13 - 40 cos 6) = 0. 


The factor sin 6 vanishes at 0® and 180®, at which there are maxima. 
The factor 13 -40 cos ^ vanishes for 6 = ±71*, and gives the points 
of minimum deviation. 

The points on the “direction curve” which correspond to these three 
determinations are indicated by the words “horizontal,” “maximum,” 
“minimum,” on the right hand of the curve. 

(d) Tq find at what distance z the radius of curvature of a cross 
section becomes infinite at one of the two points 0® and 180® in the 
section. 

From e<luations (4) we deduce 


dx 

d6 


COS^ + jSf 


d r 
d6 n'" 


dy 

m 


-sin ^+5? 


d m' 


At 0* and 180®, dxjdS is finite, but dyldS vanishes (since dmi'/dS and 
^*ld$ contain only sines). Hence the tangent is horizontal. The 
condition of an infinite radius of curvature is d^ld&^ = 0; or 

. d^ w! ^ 

- cos ^ ± zy - 0, 
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For the 0“ ray this is 

1 _ 

IS dff^ 7if 

and for the 180" ray 

1 ^ w' 

We have 

d m! ___ 1 <M _ m' dr! 
d6 rl n' dO dO ’ 

d^ m' __ 1 d^mf _ ^ « 

dW^ HJ %' d$^ r!'^ dd^ 


the &c. consisting of terms which vanish at 0" and 180°. We thus 
obtain at 0°, z = 8-554, and at 180°, z = 3*530. 

As the curves are symmetrical about the axis of y, the first differential 
coefficient of y that does not vanish must be of even order. It is 
accordingly of the fourth order at the two points thus determined ; 
and the curve is sensibly straight for a considerable distance. 

If, instead of sections of constant z^ we take sections of constant f 
through these two points, the conclusions remain true ; for, by Meunier’s 
theorem, the radii of curvature in the two sections are in a finite ratio. 
From the above values of z^ together with the equations of the rays, 
we can deduce the values of y, and then transform to rj We thus 
find — 

for = 0°, ( = 11-94, for 9 = 180°, f - 4-86, 


results which are illustrated by the sections for 
C = 12, C = ^5 and f = 6, in Plate 9. 




Emreit, wL 71 , Plate 9 . 
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